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GLOSSARY

Abort Landi ngs Those | andings that result froma Shuttle
vehi cl e probl em and includes Return to
Launch Site aborts, abort once around, and
other simlar possibilities. The abort
| andi ng cases utilize the [ aunch cargo bay
mani f est (not the planned | andi ng cargo
mani fest) .

Car go Also referred to as the Cargo System
This is the total conplenent of cargo
el ements (one or nore) including support
equi pnent, that is carried on any one
flight. 1In other words, everything
contained within the Orbiter cargo bay
pl us ot her equi pnent, and hardware. This
i ncl udes consunmabl es | ocated el sewhere in
the Orbiter, which are user-unique and are
not carried on board as part of the basic
Obiter.

Cargo El enent (CE) A system or sub-systemthat is stowed in
the Orbiter cargo bay either nounted to
the O biter using | ongeron and keel
trunnions or nounted to a sidewall carrier
(e.g. Cet-Away Special (GAS) Beam or to
anot her cargo subsystem This entity
consi sts of the specific conplenent of
i nstrunents, space equi pnent, and support
hardware that is required to be carried
into space in order to achieve the CE s
specific objectives.

Conti ngency Landings Those cases in which a CE mal function has
occurred or an Orbiter on-orbit failure
has occurred that requires return of the
vehicle with a cargo bay manifest that is
nei ther the | aunch nor the planned | andi ng
mani fest. Exanpl es of contingency | andi ng
configurations are when one CE has been
depl oyed and anot her could not be depl oyed
due to sone failure (either CE related or
with the Orbiter) or when a depl oyed
satellite could not be retrieved and
restowed into the cargo bay.
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Depl oyabl e CE

M xed Car go

Nom nal Landi ng

Non Ret urnabl e CE

Ret ur nabl e CE

si ar
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This is a CE that is renmoved fromthe
Orbiter cargo bay while the Orbiter is in
orbit. If the CEis eventually retrieved
and restowed into the cargo bay, the CE is
required to conply with all returnable
payl oad requirenments. |If the CEis
intended not to ever be retrieved and
restowed, the CE is considered as “non
returnable”.

The term m xed cargo i s used when nore
than one CE is carried in the Obiter
cargo bay. These CEs are generally under
t he cogni zance and control of nore than
one user or discipline, and no overal

m ssi on manager has been desi gnat ed.

M xed cargoes include all associated user-
provi ded Airborne Support Equi pnent (ASE)
required to operate the CEs in space.

The | anding that is planned to occur after
the conpletion of a successful m ssion.
These are also referred to as the no
failure | andings or returnable CE

| andi ngs.

This is a CE that is not intended to ever
be returned by the Shuttle Vehicle. Non
returnable CEs nust be designed to and
conpati ble with abort |anding requirenents
however .

A CE which is planned for return from
orbit by the Shuttle, whether it be on the
m ssion on which it is |launched, or on
subsequent m ssions.
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PURPOSE

The purpose of this docunent is to define the various
responsibilities related to the structural analyses that are
performed in the Space Shuttle Program (SSP) Cargo Integration
discipline. Responsibilities for the cargo el enent (CE) and
Space Shuttle Vehicle (SSV) structural math nodels, forcing
functions and integrated anal yses are defined. This docunent
al so controls the integrated anal ysis protocols between the CE
devel opers and the SSP. It defines the standard structural
anal ytical services that are provided by the SSP;, those services
that the CE devel oper may wi sh to negotiate with the SSP as
addi tional services; math nodel and response data transmtta
protocol s; and necessary math nodel data recoveries to perform
the integrated analysis. The CE math nodel accuracy and
verification requirenents are controlled by the nost current
versi on of NSTS 14046 “Payl oad Verification Requirenents”
(Reference 1).
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1.0 | NTRODUCTI ON

As a part of the Space Shuttle Program (SSP) cargo el enent (CE)
integration process, a series of structural analyses will be
performed to verify the structural conpatibility of the CE with
the Orbiter and with other CEs in the cargo bay manifest. This
docunent defines the responsibilities of the participants in this
effort. A summary of responsibilities and a generic process flow
for CE hardware design and certification for flight on board the
Space Shuttle Vehicle (SSV) is presented in Appendix A For the
pur poses of this docunent, the SSP is represented by the

I ntegration Engineering Ofice (NASA JSC, Mail Code MsS2) and
refers only to the Cargo Integration (Cl) portion of the total
Shuttl e Program

Thi s docunent establishes a formal configuration nmanagenent and
control systemfor the SSP dynam c and quasi-static structural
mat h nodel s and forcing functions that are used for CI structural
anal yses. This docunment describes the standard Verification
Loads Anal ysis (VLA) process, standard and optional VLA outputs
that are provided, and the structural math nodels and forcing
functions (including dynam c and quasi-static) that are to be
used for the VLA and to support the CE devel oper Design Loads
Anal ysis (DLA).

This report is structured into two Sections: Section 2.0, which
defines the SSP responsibilities, and Section 3.0, which defines
t he CE devel oper responsibilities and the follow ng 17
Appendi ces:

A. Responsibility Sunmmary and Process Fl ow
Current SSV Math Model s and Forcing Functions
Verification Loads Analysis (VLA) Overview
CE Design Loads Report Contents
SSV Math Model s and Forcing Functions Request Process
CE Data Requirenments for Orbiter Conpatibility Assessnent

CE Conputer Aided Design Mdel Requirenents

XL o mm o O W

Pre-Verification Loads Review (PVLR) Presenter’s CQutline
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CE Structural Math Mdel Data and Format Requirenents

J. Verification Acceptance Review Presenter’s Qutline

K. Structures Wrking Goup and Structural Certification

L. Coupl ed Loads Anal ysis System Danpi ng

M SSV Structural Math Mdel and Forcing Functions Fornat
Requi renent s

N. VLA Data Products Format Requirenents

OSSP Loads Indicator VLA Approach and Requirenents

P. Loads Conbi nati on Equation

Q SSP Latched Cargo Elenent to Orbiter O earance

Requi renent s

The foll ow ng webpages contain information that the CE devel oper
will find useful. If access to the follow ng webpages cannot be
achi eved, please contact the SSP CI Structures Technical

Di sci pli ne Manager (TDV .

A. The SSP webpage address is: SSPWEB. JSC. NASA. GOV

Thi s webpage provides entry points to many of the other
webpages as well as general information concerning the
SSP. This includes the Shuttle nmanifests, schedul es,

i brari es, and neeti ngs.

B. The SSP Integration Engineering Ofice (M5) webpage
address is: SSPWVEB. JSC. NASA. GOV/ webdat a/ nshone

The M5 webpage provides access to Cargo Engi neering
schedul es and charts, Integration Control Board (I CB)
Change Requests (CRs), and the SSP Cl Structures Hone
Page.

C. The SSP Custoner and Flight Integration Ofice (M)
webpage address is:
SSPWVEB. JSC. NASA. GOV/ nt dat a/ ssp/ webdat a/ nt / nt hone. ht m

The MI' webpage provi des access to the Flight Assignnment

Wor ki ng Group (FAWS webpage which provides |ong range
mani f est and | aunch date schedul es for the SSP.
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The SSP CI Structures Hone Page address is:
SSPWVEB. JSC. NASA. GOV/ webdat a/ nshone/ struct/ st-i ndex. ht m

Thi s webpage contains information for each m ssion such
as presentation charts, VLA schedul es, and manifests.
The webpage al so serves as the SSP/International Space
Station (1SSP) Joint Structures Team (JST) honepage and
provides interpretation letters for various topics that
may be of interest to CE devel opers. Sone of these

| etters may be incorporated as a formal SSP requirenent
at a later date. Charts and information for various
Techni cal Interchange Meetings (TIMs) are al so avail able
t hrough t hi s webpage.

The SSP Payl oad Integration Library System (PILS) webpage
address is: SSPWEB. JSC. NASA. GOV/ pi | s/

Thi s page contains the various Payload Integration Plans
(PIPs), Mssion Integration Plans (MPs), Standard
Integration Plans (SIPs), Flight Requirenents Docunents
(FRDs), and other SSP CI docunents.

The I CD 2-19001, Interface Definition Docunents (I1DDs),
and CE unique Interface Control Docunents (ICDs) can be
accessed t hrough:

www. uni t edspaceal | i ance. coni i cd/

The Structures Wrking Goup (SW5 hone page can be
accessed through the CI Structures Hone Page (ItemD
above). This page contains an SWG status report for each
CE and the SWG Payl oad Desi gn Cui de.

The NASA Techni cal Standards website can be accessed at
http://standards. nasa. gov/

REV B 3 01/19/01



2.0 SSP RESPONSI BI LI TI ES

The SSP, through the SSP Integration Engineering Ofice (NASA
JSC, Mail Code MS2), has the overall responsibility for the Cl
structural analysis effort, including the SSV math nodel s,
forcing functions, and anal ytical practices and net hodol ogi es
that are used to support the SSP structural analysis efforts. As
such, the SSP has approval authority over the techniques used to
devel op the analysis results. The bulk of this work will be
performed by the Support Contractor (SC) (United Space Alliance
(USA) and Boei ng Reusabl e Space Systens (BRSS)) with SSP
Structures Working Goup (SW5 oversight.

2.0.1 Loads and Structural Dynam cs Panel (LSDP)

The LSDP is the SSP Systens Integration panel that is responsible
for the SSV structural activities and supports the Systens
Integration activities of the SSP. Systens Integration is
concerned with the integrated SSV system i ncl udi ng the External
Tank (ET), Solid Rocket Boosters (SRB) and the Orbiter. The LSDP
is responsible for all structural activity associated with the
SSV. This panel is chaired by NASA-JSC, and includes
representatives from NASA-JSC, NASA-KSC, NASA- MSFC, Lockheed
Martin Corporation (LMC), Cordant Technol ogi es, United Space
Boosters Incorporated (USBI), USA, and BRSS. Updated SI SSV
system nodel s and/ or forcing function data are revi ewed and
approved by the LSDP.

2.0.2 Structures Wrking Goup (SW5

The SWG is responsible for SSP Cargo Integration (Cl) structures
activities including review and approval of CE devel oper’s
conpliance with the structural verification requirenments that are
specified in NSTS 14046 (Reference 1). The SWsis also
responsi bl e for review and approval of CE test verified
structural math nodels, of new revised CI SSV structural math
nodel s and forcing functions and of structural analysis processes
and techni ques used to support the VLA, The SWG provi des support
to the Payl oad Safety Revi ew Panel (PSRP) as requested. The SWG
is responsible for inform ng the CE devel opers of potenti al
changes to the nodels and forcing functions. The SWGwill review
and approve all new or revised SSV nodels and forcing functions
prior to their release to the CE devel opers and will work with
the CE devel opers to resolve any problens or issues that arise
fromtheir use.
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2.1 Analysis Data Base Mii ntenance and Configuration Control

The SSP is responsible for anal ysis data base mai ntenance and
configuration control of the CI SSV structural math nodels; VLA
CE nodel s; quasi-static data; and liftoff, |anding, and on-orbit
forcing functions. The SSP is responsible for devel opi ng and
mai nt ai ni ng a database that contains the status of all nodels and
forcing function data that are devel oped and issued to the

vari ous CE devel opnent organi zations. The SSP shall docunent al
SSV data provided to the CE devel opers. Each set of nodels,
forcing functions, and quasi-static data shall be uniquely
identified. SSV math nodels and forcing functions that are
devel oped in support of the VLA shall be uniquely identified and
docunented as part of the VLA docunentation.

2.1.1 SSV Dynam c Math Mdel Update Process

BRSS, LMC, USBI, and NASA-KSC provide the Orbiter, ET, SRB, and
Mobi | e Launch Platform (M.P) nodels, respectively. These nodels
are mai ntai ned by each contractor or NASA center and the nodels
are updated as required (nmass data revisions, design changes,
test results, analysis requirenents, nodeling upgrades, etc.).

Figure 2.1-1 illustrates the approach for the configuration
control of the SSV Systens Integration Structural Mth Mdels and
Forcing Functions. Proposed or anticipated structural design
changes to the various conponents of the SSV are reported to and
reviewed by the LSDP. Once a change is approved, the revised
mat h nodel s are devel oped, integrated, and evaluated. The
results are submtted to the LSDP for review, assessnent, and
approval .

The SSP Systens Integration contractor is responsible for
perform ng el enent nodel checks and conparing old versus new
nodel results as shown in Figure 2.1-2. The new nodels are
assenbl ed, and node shape and frequency conpari sons of old versus
new nodel data are made. These data are reported to the LSDP,
which is the focal point for the nmanagenent of the SSP System

| nt egrati on nodel s.

Once the revised SystemlIntegration’s SSV nodel s have been
devel oped, CI personnel (SSP, SC, and SW5 will reviewthe
changes to determne if changes to the Cl SSV nodels are
warranted. |If an update is determ ned to be necessary,
addi ti onal anal yses and benchmark studies will be perforned to
develop the CI structural math nodels that will be provided to
t he CE devel opers for DLA activities and to support the m ssion
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specific VLAs. The SWow Il review and approve the reconmended
Cl SSV nodels. Final approval of these nodels will be through
the SSP's Integration Control Board (ICB).

The SSP is responsible for assessing and benchmar ki ng the inpact
of SSV nodel changes to the CE response environnent. For this
pur pose, a pseudo CE nodel has been devel oped. SSV math nodel s
for pseudo CE studies contain three pseudo CE nodels that are

| ocated in the forward, md, and aft portions of the cargo bay.
Each pseudo CE has a rigid, strong back, massless frane. To this
rigid frame, 35 nasses with three degrees of freedom (DOF) each
inthe X, Y, and Z-directions are attached. Frequencies of these
masses are tuned to 1, 2, 3, . . . 35 Hertz (Hz). Responses of

t hese tuned DOFs are used in the evaluation of SSV nodel changes.
However, the magnitudes of the psuedo payl oad response changes
are not necessarily indicative of the unique CE response changes.
In order to quantitatively assess potential inpacts to CEs,
several m ssion-specific CLAs are benchmarked wi th the updated
SSV nodel s. Conparisons of the responses fromthe pseudo CE
analysis and the CLAs aid in the SSP approval process. 1In
addition, flight conparison anal yses are perforned to ensure that
the anal ytical predictions are envel oping the neasured flight
data. Flight reconstruction and/or correl ation anal yses are al so
performed to ensure the accuracy of the analytical prediction

met hodol ogy, math nodels, and forcing functions.

The SSP and the SWG are responsi ble for determ ning whether the
revi sed nodel shall be issued for use in CE | oads anal yses and/ or
to support the VLA process. Revised nodels shall be nade
avai l able to the CE devel oper upon SSP approval. The SWGis
responsi ble for inform ng the CE devel opers of potential changes
to the SSV mat h nodel database and wll work with the CE

devel opers to resolve problens or issues that arise fromtheir
use.

The SSP is responsible for generating SSV liftoff and | andi ng
structural math nodels for CE DLAs and VLAs. These nodels are
generated fromdetailed finite el enent math nodel s of the Space
Shuttl e conponents. Mddels that are generated in response to a
request fromthe CE devel oper contain a unique set of CE attach

| ocations. Each individual nodel is identified by a unique nodel
desi gnati on, such as M. 0ZA02 or CML.0A12. The first five digits
specify the particular SSV nodel being used and the |ast two
digits are sequentially changed to individually designate and
track the various CE nodel -specific interfaces and/or m ssion-
specific SSV mass | oading. The M. 0ZA nodel is the original
Orbiter dynam c math nodel that was | ast updated in 1983 while
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the CML. OA nodel is the Cargo Integration High Fidelity Obiter
Mat h Mbdel (CML.0OA = Cargo Orbiter Mdel Version 1.0, Revision
A). The current SSV math nodels (and forcing functions) database
are di scussed in Appendix B.

2.1.2 SSV Transi ent Forcing Functions Update Process

Figure 2.1-2 illustrates the approach for the configuration
control of the SSP transient forcing functions. Proposed or
antici pated changes to the transient forcing functions are
reported to and reviewed by the LSDP. Once a change is approved,
the revised forcing functions are devel oped, integrated, and

eval uated. These forcing functions are devel oped based on the
LSDP-specified |load criteria. The forcing functions are revised
as required due to refined data fromtest and flight results or
fromcriteria changes. These forcing function changes are
presented to the LSDP for review and approval.

Once the revised SystemlIntegration’s forcing functions have been
devel oped, CI personnel will review the changes to determne if
changes to the baselined Cl forcing functions are warranted. |If
an update is determ ned to be necessary, additional anal yses and
benchmark studies will be perforned to devel op the forcing
functions that will be provided to the CE devel opers for DLA
activities and to support the m ssion-specific VLAs. The SWG
will review and approve the recommended ClI forcing functions.

Fi nal approval of these forcing functions wll be through the
SSP's | CB.

The inmpact of SSV forcing function changes on the CE response
environment will be assessed. The pseudo CE nodel is utilized in
the evaluation of SSV forcing function changes (see section
2.1.1). The pseudo CE serves as an indicator for potential CE
conponent reaction to changes in the SSV forcing functions. 1In
addition, several m ssion-specific CLAs from previous m Ssions
are benchmarked with the updated SSV forcing functions.

Conpari sons of the responses fromthe pseudo CE anal ysis and the
CLAs aid in the SSP approval process.

The SWG is responsible for informng the CE devel opers of
potential changes to the SSV forcing function database and w ||
work with the CE devel opers to resolve problens or issues that
arise fromtheir use. A database that contains the status of al
forcing function data that are devel oped and issued to the CE
devel opment organi zations will be devel oped and mai ntai ned. Each
liftoff and | anding forcing function is uniquely identified

t hrough a nunbering system The current SSV forcing functions
(and mat h nodel s) database are di scussed in Appendi x B.

siar REV B 7 01/ 19/ 01



2.1.3 SSV Quasi-Static Math Mdel s

Quasi -static analysis is perfornmed for the coupled cargo/Obiter
systemfor all mssion events except for the liftoff, |anding,
and on-orbit transient events. Exanples of quasi-static events
i nclude SRB pre- and poststaging; Obiter maxi num G | oadi ng;

maxi mum dynam ¢ pressure ascent; Term nal Area Energy Managenent
(TAEM pitch, roll, and yaw maneuvers; Obiter therm

di stortion, cargo bay pressure, and abort events. The database
used to performthis analysis consists of the Obiter cargo bay
deflections and flexibility.

SSV quasi-static structural math nodels will be generated to
support the DLAs and VLAs. These nodels shall be generated from
detailed finite el enment nodels of the Space Shuttle Obiter.
Model s that are generated in response to a request fromthe CE
devel oper contain a unique set of CE attach |ocations. Each

i ndi vidual nodel is identified by a uni que nodel designation,
such as CML. 0A12, where the first five digits specify the
particul ar SSV nodel being used and the last two digits are
sequentially changed to individually designate and track the
various CE nodel specific interfaces and/or m ssion-specific SSV
mass | oading. Quasi-static math nodels are created froma
constrained (at the ET/Orbiter interface) Obiter stiffness math
nodel .

2.1.4 SSV Quasi-Static D splacenents

The SSV quasi-static displacenent database shall be devel oped and
mai nt ai ned. Quasi-static deflection data shall be furnished for
the various quasi-static analysis events. The data includes

defl ections arising fromnechanical and thermal |oads. The on-
orbit thermal deflection data is fromthe 5.4 |oads cycle
(Orbiter internal |oads nodel 5.1) and is docunented in Reference
2, SD73-SH 0069, “Structural Design Loads Data Book, Obiter

I nternal Loads,” Volume 7D. Orbiter deflection data (for other
than on-orbit thermal |oad conditions) is obtained from
“Structural Design Loads Data Book, Volume 5, Orbiter Internal
Loads,” STS 85-0169, dated Septenber 1989 (Reference 3).

The finite element Obiter internal | oads nodel Ms.0 was used to
cal cul ate deflections for the applied nmechanical and thernal

| oads. The responses to 153 individual quasi-static |oad
conditions were derived. These responses were then conbined in
vari ous conbinations with each other (thermal, nmechanical, and
pressure), and with the responses fromthe |anding transient

anal yses, to arrive at a total of 2064 quasi-static conditions

t hat are eval uat ed.
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PERFORM MODEL CHECK

Balance Check (stiffness & mass about c.g.)
* Modal Calculations
Frequency Evaluation

COMPARISONS

LIFTOFF MODELS
* Old vs. New

ORBITER, ET, & SRB MODELS

* Old vs. New Stiffness
« Old vs. New Modes

/ IMPACT OF UPDATED MODELS AND/OR FORCING
FUNCTIONS ON CE RESPONSES IS ASSESSED
FROM BENCHMARK ANALYSES RESULTS

* New Forcing Functions with New Models

* 0Old Forcing Functions with New Models

* New Forcing Functions with Old Models

Figure 2.1-1 SSV Math Mddel and Forcing Function Eval uation
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SSV MATH MODEL & FORCING FUNCTION DATA BASE

REASONS FOR MODEL CHANGES

* MASS DATA REVISIONS
* DESIGN CHANGES
* TEST DATA RESULTS

ANALYSIS REQUIREMENTS
MODEL IDEALIZATION CHANGES
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LOADS AND STRUCTURAL
DYNAMICS PANEL
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* CRITERION CHANGES

¢ FLIGHT DATA

SSV MATH MODELS & SSV MATH MODEL &
FORCING FUNCTIONS FORCING FUNCTION

DATA BASE

STRUCTURES
WORKING
GROUP

SSP ICB

Figure 2.1-2 SSV Math Mddel and Forcing Function
Configuration Control
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The changes that were made to the quasi-static analysis to
accomodat e Performance Enhancenents (PE) are described in

Ref erence 4, BNA TM 270-400-98-026, "M. 0 Quasi-Static Conditions
wi th Performance Enhancenents Updates for Payl oad Loads

Anal ysis. "

2.1.5 CE Math Mdel Data Base

A dat abase of all CE math nodels used in the VLAs shall be
devel oped and nmaintai ned. This database will include al
perti nent CE math nodel docunentation

2.2 COVPATI BI LI TY ASSESSMVENT

The SSV conpatibility assessnent shall utilize the CE s

devel oper’s | atest DLA results and Conputer A ded Design (CAD)
nodel s. The purpose of the conpatibility assessnent is to
identify any issues that may cause CE to SSV hardware concerns
such as relative notion and cl earances so that those concerns can
be addressed and resolved early in the CE design phase. The VLA
will verify that the resolution is acceptable for the specific

m ssi on being anal yzed. For International Space Station (ISS)

m ssions, the SSV conpatibility assessnents are perfornmed as part
of the Design Analysis Cycles (DAC). For other mssions, the
conpatibility assessnents are perforned on an “as needed” basis.

Cl earance assessnents include grapple fixtures and other CE

har dwar e protrusions that are near or are outside the 90-inch
radius CE thermal and dynam c envel ope, clearances with the

payl oad ground handling mechani sm (PGHM), cargo bay door/

radi ators, mssion kits, docking interfaces, and Extravehi cul ar
Activity (EVA) access and operational clearance envel opes.
Orbiter/cargo el enment structural conpatibility assessnents
include Orbiter/CE interface |loads, Obiter/CE interface relative
di spl acenents and the dynam c cl earance between the Orbiter and
the CE hardware while the | ongeron and keel |atches are cl osed.

G appl e fixture EVA access and operational clearance envel opes
are checked against the requirenents that are specified in the
applicabl e SSP requirenments docunent (e.g., 1CD 2-19001, NSTS
21000-1DD-1SS). The Obiter interface | oads capabilities and
relative deflections are respectively defined in Appendices | and
X of the SSP requirenments docunent.

The CE shall remain inside the 90-inch radius thermal and dynam c
envel ope for all Obiter flight conditions and avoid O biter
intrusions into the envel ope as defined in NSTS 21000-1DD-1SS and
| CD 2-19001. The requirenent for mninmum acceptabl e dynam c
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clearance is 1.0 inch based on the CE and O biter thermal and
dynam c relative notion. During latched CE flight events, the
thermal and dynam c cl earance shall be determ ned based on
coupl ed | oads and quasi-static analysis results and include all
ot her paraneters that affect clearances (e.g., CE and Obiter
manuf acturing tol erances, CE thermal distortions, CE deflections
due to acoustic excitation, CE deflections due to internal
pressures, etc.). The m ni num accept abl e cl earance requirenent
applies to all mssion phases while the CEis latched in the
Orbiter cargo bay. SSP approval of dynam c cl earances | ess than
l-inch is determ ned on a case-by-case basis and is dependent on
t he thoroughness and conpl eteness of the work perforned by the CE
devel oper. The CE devel oper is expected to follow the close

cl earance process that is defined in Appendi x Q or equival ent.

Where CE deflection data is not provided an assuned Orbiter/CE
relative deflection of 3.0 inches will be used.

Cl earances with the KSC payl oad cani ster used for ground
transportation, clearances during cargo installation, and

cl earances during CE deploynent/retrieval are not covered in
t hese assessnents.

2.3 VERI FI CATI ON LOADS ANALYSI S (VLA)

The VLA is the final official cargo system coupl ed dynam c and
gquasi-static structural analysis that is conducted prior to

| aunch. Thus the VLA is the final structural mssion risk
assessnment tool. Results fromthis analysis are used for
Orbiter, Payload Integration Hardware (PIH), CE, and CE/ Obiter
interface structural integrity assessnments to support the
Verification Acceptance Review (VAR), the Certificate of Flight
Readi ness (CoFR) process, and the Flight Readi ness Review (FRR)
A m ssion-specific VLA is performed for the SSP-specified Obiter
cargo bay manifest as a standard service. An overview of the VLA
process and tenplate is presented in Appendi x C.

The SSP is responsible for the successful execution of the VLA
and is responsible for the anal ytical accuracy and quality of the
VLA products. The VLA shall wutilize proven structural analysis
tools. Updates to software, incorporation of new software, and
use of new conmputational platfornms shall be benchmark tested
before utilization. The SW5 and the SSP Cl Structures Techni cal
Di sci pline Manager (TDM shall be kept infornmed as to the
benchmark results and shall have final approval authority over
the use of analytical tools, nethodol ogi es, and conputati onal

pl at f or ns.

The SWG is responsi ble for review and approval of the CE
devel oper’s math nodel conpliance with the structura
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verification requirenents that are specified in NSTS 14046
(Reference 1). The SWG al so revi ews and approves all new or
revi sed VLA structural analysis processes and techni ques.

Upon recei pt of the CE-provided math nodel s and docunentati on,
anal ytical checks will be perforned to ensure that the nodel has
been accurately received, that the m ninum and maxi num frequency
requi renents have been conplied with, and that the CE math node
is mathematically acceptable. The math nodel checks include, but
are not limted to, weight and center of gravity (CG, strain
energy, free-free nodal analysis, and a nodal analysis with the
CE constrained at the Orbiter attach DOF. The results of these
checks are conpared to the conparabl e values that are contained
wi thin the CE devel oper provided docunentation (see Appendix |).
These checks do not address math nodel accuracy versus the flight
har dwar e.

2.3.1 Analysis and Data Dunp

The | atest SSP baselined SSV |iftoff and | andi ng dynam c nodel s
will be utilized for generating the VLA m ssion-specific nodels
with the correct CE attach points for the m ssion-specific cargo
bay manifest. M ssion-unique SSV mass properties shall be used
to develop the VLA math nodels. A quasi-static nodel with

defl ections shall also be generated. A copy of the VLA dynam c
and quasi-static nodels and associated forcing functions can be
provided to the CE devel opers upon request to the SSP. The SSV
dynam c nodels can be provided in physical stiffness and mass
matri ces, Rubin-MacNeal free-free/residual flexibility, and/or
Crai g-Banpton fixed nodal form as docunented in references 5 and
6.

If required, an on-orbit VLA will be perforned as a standard
service. These anal yses shall be perfornmed on an "as needed"
basi s depending on CE on-orbit configurations and operations.
The | atest baselined on-orbit Orbiter math nodel and CE nodel (s)
that are provided by the CE devel oper(s) shall be used. The
anal yses shall be perfornmed using SSP approved forcing functions
based on m ssion plans and systemrequirenents. System nodal
cutoff frequency for on-orbit analyses is configuration and
operation specific and shall be coordinated with the SSP and SWG
prior to the analysis. The analytical treatnment of danping is
described in Appendix L. Mathematical checks of all on-orbit
mat h nodel s shall be perforned.

The standard VLA guidelines shall be conmplied with unless
instructed otherwise in witing by the SSP CI Structures
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TDM and SWG.  Thi s includes SSV/ CE system nodal fidelity up to
and including 35 Hz. The follow ng standard anal ysis response
out puts shall be provided and shall be docunented for each VLA

1. Maxinmum and minimum OGrbiter/ CE i nterface | oads

2. Maximumand mininumrel ati ve defl ections at sel ected CE
poi nts

3. Maximum and m ni mum net | oad factors for each CE

4. Maxi mum and m ni nrum CE Qut put Transformation Matrix (OTM
recoveries

5. Obiter/CE interface loads tine histories (if requested)
6. CE generalized response tine histories (if requested)

OTM si zes up to 1000 itenms for each CE are considered as
standard. Additional output data including additional OTMitens
and/or time history plots can be negotiated with the SC

The quasi-static anal yses shall be perfornmed in all VLAs. A
description of the anal ysis nethodol ogy, selection of critical

| oad sets and conbi nations of on-orbit thermal, reentry thernal
(this is further subclassified as entry thermal, TAEM and

| andi ng thermal ), and nechani cal conditions are docunented in

Ref erence 4. The anal ysis response output is the same as for the
transi ent analysis. The CE dynam c math nodel is used in the
quasi -static anal ysis.

2.3.2 \Verification Acceptance Review (VAR

The Orbiter and Payl oad Integration Hardware (PIH) structural
assessnments and the Obiter to CE relative notion cl earance
assessnments will be presented at the VAR This is to include al
pertinent structural margins and/or |oad ratios versus allowable
|l oad. Al pertinent open issues that may remain open after the
VAR wi || be worked and resolved prior to |aunch.
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3.0 CE DEVELOPER RESPONSI BI LI TI ES

The CE devel oper has the overall responsibility for designing,
devel opi ng, building, testing, verifying, operating, and ensuring
the safety of the CE including all conponents that are nounted to
it. The CE devel oper is also responsible for supporting the SSP
anal ytical and physical integration activities. Prior to flight
on the SSV, all CE structures will be denonstrated to be safe for
flight by a combination of analysis and tests. The CE devel oper
is responsible for coordinating all NSTS 14046 required
structural verification activities (including docunmentation

requi renents) directly with the SSP SWG

3.1 CE DESI GN LOADS ANALYSES (DLAS)

The CE devel oper is responsible for performng all DLAs for the
particular CE. These DLAs shall include the liftoff and | anding
transi ent events, quasi-static, and on-orbit anal yses as
appropriate for the particular CE. The CE devel oper shall also
consi der other |oading events (e.g., energency |anding, Obiter
towing, and Obiter rollout/roll back) as defined in the SSP
requi renents docunent. The | anding transient events shal

i ncl ude launch aborts, nom nal, and contingency |andings. As a
nonst andard service, the SSP can perform DLAs for the CE

devel oper. The SSV liftoff, landing, and quasi-static math

nodel s, liftoff and | anding forcing functions, and quasi-static
data for one CE devel oper designated Orbiter cargo bay
configuration will be provided to the CE devel oper as a standard

service by the SSP. The process for a CE devel oper to request
SSV mat h nodel s and forcing functions is described in Appendix E.
Addi ti onal SSV nodels and/or forcing functions that are required
to address alternate CE cargo bay arrangenents and/or CE
configurations can be provided as an additional service. Updated
SSV nodel and/or forcing functions that arise from SSV nodel

and/ or forcing function database changes will be provided to the
CE devel oper upon request as a standard service.

The CE devel oper is responsible for the validity of the DLA data.
It is inportant to note that the quasi-static flight events
typically result in the mininmum Orbiter-to-CE cl earances and thus
nmust be performed as part of the CE DLA efforts. |If the CE
position in the Orbiter cargo bay and/or the CE mx is not known,
the CE should be placed in and anal yzed for nmultiple cargo bay

| ocations. The CE nodels will be positioned such that the
Obiter CGwill be within the allowable Iimts. CE attachnent

| ocations for DLAs shall be coordinated with the SSP prior to the
of ficial request for SSV math nodels and forcing functions.
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It is expected that the CE developer will incorporate a “nodel
uncertainty” factor (UF) during the CE design stage to cover
potential changes due to subsequent changes in the CE and SSV
mat h nodel s and possible interactions with the actual flight

mani fest. The specific value of the UF to be used for a
particular CE will be recommended by the SWG in consultation with
t he CE devel oper. The values of the UFs that will be recommended
by the SWG are dependent on the particular CE bei ng devel oped,
expertise of the particular CE devel oper, devel opnent schedul e,
and other simlar considerations. Typical UF nunbers are 1.50
for Prelimnary Design Review (PDR) quality nodel s and | oads
analysis, 1.25 for Critical Design Review (CDR) quality nodels
and | oads analysis, and 1.10 for post-CDR nodels that are test
verified and being used to support DLAs prior to the Verification
Loads Analysis (VLA). The CE devel oper should not assune that

t hese val ues represent the values that the SWs will recommend for
a particular CE. After the math nodel has been correlated with
the test data, the SWe will review the nodel correlation and
determine if it conplies with the NSTS 14046 criteria. |If it
does, the SWo will normally specify a nodel UF of 1.0 to be used
in the VLA However, if the correlation is not in conpliance

W th NSTS 14046 criteria, the SW5 may assign a nodel UF to be
used in the VLA or may reject the math nodel. There are no
limtations as to the nmagnitude of the SW5 recommended nodel UF
to be used in the VLA. There are instances in which the SWG
recommended a hi gher nodel UF for the VLA than had been used in
the CE DLAs. The recommended nodel UFs that are contained within
this paragraph are consistent with those reconmended i n paragraph
4.2.4.2 of NASA STD 5002 (Reference 12) and in D684-10019-1
“Space Station Structural Loads Control Plan” (Reference 22).

If the CE has structure that is wthin 3 inches of or outside of
the 90-inch radius Obiter cargo bay thernmal/dynam c envel ope, or
is within 3 inches of any Orbiter protrusion into the 90-inch
radi us envel ope, the CE devel oper shall nmonitor the CE to Orbiter
cl earances of each of these points as part of each DLA. This
will require coordination with the SSP to ensure that the SSV
nodel s that are provided include the appropriate Orbiter grid
points to support the clearance calculations. The CE devel oper
shal |l al so ensure that the CE-unique Interface Control Docunent
(1CD) accurately docunents each occurrence. Wen deflection or
cl earance data is not provided, a 3.0-inch deflection wll
typically be assuned unless it is known that the structure is
very flexible in which case a |arger, very conservative estinmate
will be nmade by the SSP.
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The CE shall remain inside the 90-inch radius thermal and dynam c
envel ope for all Obiter flight conditions and avoid O biter
intrusions into the envel ope as defined in NSTS 21000-1DD-1SS and
| CD 2-19001. The requirenment for mninmum acceptabl e dynam c
clearance is 1.0 inch based on the CE and O biter thermal and
dynam c relative nmotion. During latched CE flight events, the
thermal and dynam c cl earance shall be determ ned based on
coupl ed | oads and quasi-static analysis results and include all

ot her paraneters that affect clearances (e.g., CE and Obiter
manuf acturing tol erances, CE thermal distortions, CE deflections
due to acoustic excitation, CE deflections due to internal
pressures, etc.). The m ni num accept abl e cl earance requirenent
applies to all mssion phases while the CEis |latched in the
Orbiter cargo bay. Al close clearance points shall be addressed
in the Structural Verification Plan (SVP) and included in the
mat h nodel verification activities (see Appendix K). SSP
approval of dynam c clearances less than 1-inch is determ ned on
a case-by-case basis and is dependent on the thoroughness and
conpl eteness of the work performed by the CE devel oper. The CE
devel oper is expected to follow the close cl earance process that
is defined in Appendi x Q or equival ent.

A DLA Report that docunents the |atest DLA and cl earance
calculation results shall be provided by the CE Devel oper to
support the SSP Cargo Conpatibility and Cargo Integration Revi ews
(CCR and CIR). The report delivery schedule will be documented
in the Payload Integration Plan (PIP) or Mssion Integration Plan
(MP). The contents of the report are defined in Appendi x D.

3.2 SSV COWPATI BI LI TY ASSESSMENT SUPPORT

A SSV Conpatibility Assessnment wll be perfornmed for all |ISS

M ssions as part of the ISS Design Analysis Cycle. For non-Space
Station mssions, the SSV Conpatibility Assessnment will be
performed on an “as needed” basis. Data requirenments for the
conpatibility assessnment are defined in Appendix F. In order to
assess the Orbiter to CE dynam c/thermal clearances, the CE

devel oper shall provide definition (schematic and coordi nates) of
all CE structure that is within 3 inches of or outside of the 90-
inch radius Orbiter cargo bay envelope, or is wwthin 3 inches of
any Obiter protrusion into the 90-inch radius Obiter cargo bay
envel ope. A Conputer A ded Design (CAD) 3-D nodel for evaluating
detail cl earances between the CE and O biter structure and to
support devel opment of the CE-unique I1CDs is required. CAD nodel
requirenents are specified in Appendi x G
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After BRSS has received all data that is required to perform an
SSV Conpatibility Assessnment, a Conpatibility Analysis Data
Acceptability Review (CADAR) wi Il be conducted. BRSS will
provide to the CE devel oper, USA, SSP and other interested
personnel a description of the data to be used for the
assessnent. The non-BRSS recipients are responsible for
review ng the BRSS data and providing corrections prior to the
start of the assessnent. After the assessnment has been
performed, a Conpatibility Analysis Review (CAR) will be
conducted to review the results and determ ne foll owon
activities and actions.

3.3 VLA CE DYNAM C MATH MODELS

The VLA is perforned to verify that the structural integrity of
each CE, all PIH and the Orbiter are adequate for the specific
m ssion. This analysis is perforned for the specific-flight
configuration and thus, it is the responsibility of the CE

devel oper to clearly and accurately report any deviation fromthe
actual flight configuration (both internal to the cargo bay and
internal to the CE). The CE devel oper is responsible for
presenting the pertinent CE information at the Pre-Verification
Loads Review (PVLR). This review establishes the VLA ground
rules and is used to assure that the planned VLA will support al
parties’ needs. Appendix H presents an outline of the expected
PVLR presentati on.

In order to assess the Orbiter to CE dynam c/thermal cl earances,
the CE developer will provide definition (schematic and
coordinates) of all CE structure that is within 3 inches of or
outside of the 90-inch radius O biter cargo bay envel ope, or is
within 3 inches of any Orbiter protrusion into the 90-inch radius
Orbiter cargo bay envelope. This data is required to ensure that
the appropriate DOFs are retained in the SSV math nodel to
facilitate cl earance assessnents. The CE structural math nodels
must al so i nclude physical DOFs (or DIMs) for each of these itens
to facilitate cl earance assessnents.

The CE devel oper is responsible for delivering the CE dynamc
mat h nodels for the VLA in accordance with the m ssion-specific
USA defined VLA schedule. Al CE nodel data shall be provided
el ectronically or on magnetic nedia in ASCII text format, as
described in Appendix I.

CE math nodel fidelity and conpl eteness are the responsibility of
the CE devel oper. Test verified CE math nodels are required for
the VLA, “Test verified” in this context, neans that the SW5 has
approved the CE structural math nodel for use in the VLA, This
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witten approval nust be obtained prior to submtting the nodel
for the VLA. The SWG requires witten Structural Verification

Pl ans (SVPs), testing plans, and nodel correlation reports to be
submtted as described in Appendi x K and NSTS 14046. The math
nodel correlation criteria are specified in NSTS 14046. |If the
correlation criteria are not fully conplied with, the SWs may
specify a nodel UF that will be applied to the VLA results by the
SSP and the CE developer will be required to performthe VLA

har dwar e assessnent/certification with the nodel UF included. It
is inmportant to note that the total CE math nodel nust be test
verified which includes the primary structure and all secondary
structural itens (e.g., racks and other significant nass itens)

t hat have significant dynam c characteristics below 50 Hz. (see
paragraph 5.1.1.3.2, NSTS 14046 for nore details). Since the CE
hardware configuration could be different for liftoff, on-orbit,
nom nal | andi ng, and contingency | andi ngs, each uni que CE
configuration structural math nodel nust conply with the NSTS
14046 requirenents and be approved as “test verified” by the SWa
Al'l contingency configurations of each CE nust be assessed during
the VLA unless the SWG provides prior, witten authorization to
remove a specific configuration. Logistics CEs with a |arge
nunber of depl oyabl e payl oads shoul d contact the SWG very early
in the devel opnent process to determ ne what anal ytical studies
will have to be perforned to assess the |arge nunber of
contingency cases. Note that a | arge nunber of contingency cases
will inpact all comanifested CEs and not just a single devel oper.

CE structural math nodel criteria and gui delines have been
established to assure that consistent and adequate data relative
to the actual flight manifest will be supplied to the SSP for use
in performng the VLA and for assessing the results. To this
end, the SSP has established generic CE weight tol erances as
follows: 200 pounds for across the bay CEs, 50 pounds per
sidewal | carrier beam and 50 pounds for each payl oad/ | ogistic
rack. That is, the actual neasured flight weight for an across
the bay CE shall be within 200 pounds of the math nodel wei ght
that was submtted for the VLA If this tolerance is exceeded,
then a revised math nodel may be required that is nore
representative of the actual flight configuration. The
established generic center of gravity (CG tolerance is one (1.0)
inch root-sumsquare of the X, Y, and Z CG differences for each
across the bay CE, each sidewall nmounted CE, and each rack.
These tol erances can be expanded by CE-devel oper-perforned
sensitivity studies that are closely coordinated with the SWa
The SWG and the CE developer wll investigate the differences
bet ween the VLA math nodel and the actual flight hardware and
determine if the differences invalidate the VLA. Should it be
deened necessary, the CE devel oper will be requested to update
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the CE math nodel for use in additional assessnents. The updated
mat h nodel will be conpared to the VLA nodel by the CE devel oper
and reviewed by the SWcsto determne if the CE dynam c
characteristics have changed. Typically this will be done by
review ng the nodal effective mass, cross-orthogonality and
frequency conparisons for the two nodels. |If the SWG determ nes
that the VLA integrity has been conprom sed, another VLA will be
performed using revised CE math nodels that are nore
representative of the flight article.

Any deviation fromthe standard VLA practice (as docunented
herei n) must have prior witten approval fromthe SSP.
Significant additional analysis caused by late or inconplete CE
i nput data or CE driven changes to VLA output data requirenents
shal | be perforned as an additional service. Nonstandard

anal yses which require significant additional effort such as
nonl i near anal yses, uni que anal ysi s net hodol ogy applications, or
special CE math nodel processing or devel opnent shall be
identified to the SSP as early as possible and by 18 nonths prior
to launch at the |atest. These nonstandard anal yses may be
consi dered as additional service itens.

3.4 VERI FI CATI ON ACCEPTANCE REVI EW ( VAR

At the VAR, the CE devel oper has the responsibility to report the
results of the CE structural assessnment for the subject m ssion
(whi ch should be 100% conplete). This includes (but is not
limted to) all structural margin assessnent and any open issues
concerning the CE hardware relative to the mssion. This
assessnment shall be based upon the VLA results conbined with CE
thermal effects, randomvibration effects, CE acoustic response,
CE manufacturing tolerance effects, etc. Also, an on-orbit

rel atch assessnent and Orbiter failed open vent door thernma
assessnment may be required. A discussion of the required CE
structural assessnments to support the VAR Iis presented in
Appendi x C. The VAR presenter’s outline is presented in
Appendi x J.

3.5 SSP REQUI REMENTS DOCUMENTATI ON

There are several SSP docunents that the CE devel opers and CE
structural anal ysts nust be cognizant of and use for designing,
verifying, and certifying their CEs. The top-I|evel agreenents
bet ween the CE devel oper organization and the SSP are docunented
in the PIP or MP. These agreenents define the responsibilities
and schedul es for performng the DLAs and VLAs al ong with any
additional service tasks that are agreed to. Oher significant
requi renment docunents include the Interface Definition Docunments
(1 DDs), NSTS 14046, and the NASA Standards (STDs).
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3.5.1 Payload Integration Plans and M ssion Integration Plans

The PIP or MP represents the CE and SSP agreenent on the
responsibilities and tasks that are directly related to the
integration of the CE into the Space Shuttle. PIPs are used for
non- Space Station mssions and MPs are used for Space Station

m ssions. These docunents identify the nonstandard services that
have been agreed to for the particular CE. The PIP or MP

provi des the managenent roles and responsibilities, and defines
the technical activities, interfaces, and schedul e requirenents
for acconplishing the integration, |aunch, flight operations, and
postl andi ng operations of the CE. Section 6.1 of the PIP or MP
identifies the structural activities that have been agreed to for
the particular CE.

3.5.2 Interface Definition Docunents (I DDs)

The Space Shuttle provides many interfaces and services to the
CEs. The I DDs define and control the design of interfaces
between the Orbiter and the CE. These docunents provide

i nformati on concerning avail able attach |ocations wthin the
Orbiter cargo bay; prelimnary design |oad factors for the
various Orbiter flight |oading events; thermal, pressure,
acoustic, and random vi bration environnments; and other required
information. Questions regarding any of these docunents should
be referred to the SSP or SWG personnel. The CE devel oper is
expected to fully conply with the | atest version of each of these
docunents. These interfaces and services are physical as well as
functional and are defined in the foll ow ng docunents:

a. | NSTS-21000-1DD- 1SS, “International Space Station
(I'SS) Interface Definition Docunent” which is
intended to be used by ISS across the Orbiter
cargo bay CEs (Reference 7).

b. |Interface Control Docunent (ICD) 2-19001, “Shuttle
Orbiter/Cargo Standard Interfaces” which is
intended to be used by non International Space
Station (1SS) across the Orbiter cargo bay CEs
(Reference 8).

c. | NSTS-21000-1DD SM., “Shuttle Orbiter/Small Payl oad
Accommpdation Interfaces” which is intended to be
used by all CEs that are nmounted to Orbiter
sidewal |l carriers (Reference 9).

d. | NSTS-21000-1 DD MDK, “M ddeck Interface Definition
Docunment” which is intended to be used by all CEs
that are nounted inside the Orbiter crew cabin
(Reference 10).
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3.5.3 NSTS 14046, Payl oad Verification Requirenents Docunent

CE verification is considered a primary step toward certification
of that CE for flight. It is the responsibility of the CE

devel oper to verify conpatibility of CE physical and functional
interfaces with the applicable interface agreenents. The SSP
intends to provide the CE devel oper maxinmum flexibility in
determ ning the manner or nethod to be used to acconplish this
verification. Al CE physical and functional conpliance nust be
acconplished prior to installation of the CE into the Obiter
cargo bay. CE structural verification requirenents are specified
wi thin the NSTS 14046, Payl oad Verification Requirenents
Docunment. All CEs must conply with the requirenents that are
specified wthin the | atest version of NSTS 14046 incl uding al
sidewal | mounted CEs, all across the bay CEs (including all 1SS
CEs), and CEs that are nounted or installed in the crew cabin.
Since the CE hardware configuration could be different for
liftoff, on-orbit, nom nal |anding, and contingency | andi ngs,
each unique CE configuration nust conply with the NSTS 14046
requirements. All structural verification plans, test plans,
correlation reports, etc., shall be submtted directly to the SSP
and the SWG for review and approval. Submttals that are

i ncluded within design review docunentation, safety packages, or
that are submtted to other entities wll not be considered as
satisfying NSTS 14046 structural verification requirenments. The
schedul e for each submttal is included wthin Appendi x K al ong
wi th the recommended contents.

3.5.4 NASA St andar ds

Several NASA Standards (STDs) concerning structures have been
devel oped and approved and are listed as References 11 through
15. The NASA STDs provide a NASA-w de common basis for
recommended engi neering practices and test prograns that provides
consi stency across NASA and its contractors. These NASA STDs are
consistent wwth SSP requirenments and practices and are included
as applicabl e docunments in the SSP requirenment docunents.

NASA- STD- 5001 defines the factors of safety that are to be used
for all CEs to be flowm on the SSV. Since different factors of
safety are specified for different materials, |oad sources, etc,
a process for conmbining |loads fromthese different sources is
necessary. The SSP approved process for conbining |oads is
defined in Appendi x P.
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3.5.5 Safety Critical Mechanical Systens Requirenents

The CE devel oper is responsible for conpliance with the safety
critical mechanical systens requirenents. A nechanical systemis
defined as safety critical if its failure to function or
premature function will lead to a critical or catastrophic hazard
as defined in NSTS 1700.7B. The PIP, NSTS 18798, “Interpretation
of NSTS Payl oad Safety Requirenents,” and NSTS 14046 contain the
various requirenents that nust be conplied with. The CE safety
critical mechanical systens verification requirenents are
specified within NSTS 14046.
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APPENDI X A

RESPONSI BI LI TY SUMVARY AND PROCESS FLOW

Thi s appendi x presents a summary of the Cargo Integration
structural analysis responsibilities and process flow.

The NASA-JSC SSP I ntegration Engi neering Ofice

Responsi bl e for the overall process |eading to Cargo El enent (CE)
hardware certification for flight.

The Loads and Structural Dynan cs Panel

Responsi bl e for the revi ew assessnent/approval of the source data
utilized in formng the SSP System I ntegration Space Shuttle
Vehicle (SSV) math nodels and forcing functions.

The Structures Wrking G oup

Responsi bl e for overall technical advice and support to the

Nati onal Aeronautics and Space Adm nistration-Lyndon B. Johnson
Space Center (NASA-JSC) SSP Integration Engineering Ofice. Also
responsi bl e for providing technical support to the Payload Safety
Revi ew Panel and reviewi ng, assessing, and approving proposed
revisions to the SSP Cargo Integration SSV math nodel s and
forcing functions.

Responsi bl e for technical oversight relative to the CE

devel opers’ conpliance with all SSP verification requirenents.
Responsi bl e for the final approval of the CE Devel oper test
verified structural math nodel and the determ nation of node
uncertainty factors to be used in the Verification Loads Anal ysis
(VLA) .

Cargo El enent Devel oper

Responsi ble for the CE structural integrity.

Responsi bl e for providing Design Loads Anal ysis report to support
the SSV conpatibility review

Responsi bl e for providing structural verification plan, test
pl ans, and test correlation reports to the Structures Wrking
Goup in atinmely manner. See Appendix K for contents and
schedul e requirenments for the various submttals.
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Responsi bl e for providing test verified math nodels to support
the Verification Loads Anal ysis.

Responsi bl e for CE structural assessnment to be presented at the
Verification Acceptance Review (VAR

Uni ted Space Alliance

Responsi bl e for schedul i ng and nmanagi ng the VLA process.

Boei ng Reusabl e Space Systens

Responsi bl e for mai ntenance and configuration control of the SSV
Cargo Integration math nodels and forcing functions.

Responsi bl e for delivery of pertinent SSV math nodels and forcing
functions to the CE devel opers.

Responsi bl e for assigning unique identification nunbers to each
SSV mat h nodel and/or forcing functions that are provided to the
CE devel opers and nmintai ning a dat abase for tracking each nodel

Responsi bl e for maintaining the CE mat h nodel database including
all pertinent CE math nodel docunentati on.

Responsi bl e for the performance of the SSV conpatibility
assessnment based upon the CE devel oper provided Design Loads
Anal yses and CAD nodel s.

Responsi bl e for performng the Verification Loads Anal yses and
di ssem nating the data.

Responsi bl e for SSV and Payl oad | ntegration Hardware structural

assessnment to be presented at the VAR This includes hardware-
t o- envel ope and hardwar e-t o- hardware cl earance assessnents.

The followng three flow charts depict the typical CE design
verification, and VLA process.
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STRUCTURAL DESIGN AND LOADS-TESTING
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STRUCTURAL DESIGN AND LOADS-VERIFICATION

VERIFICATION ANALYSIS
DATA ACCEPTABILITY
REVIEW (VADAR)

PRE-VERIFICATION LOADS
REVIEW (PVLR)

Y

1 1
| STSMATHMODELSAND 1
! FORCING FUNCTIONS |
! DEVELOPMENT, !
i i
1 1
1 1
1 1

1
DELIVERY OF TEST VERIFIED : MATH MODEL ! !
—> DYNAMIC MATH MODEL TO —> QUASI-STATIC DEFLECTIONS
i CHECKOUT | & DOCUMENTATION
Ssp ! !
. : ImmmmmmTTmmmms e H SYSTEM INTEGRATION
! ! I ' LIFTOFF LOAD INDICATOR
— >
—> —>!  VLADATADUMP | ASSESSMENT
NASA-JSC : MISSION SPECIFIC : v
! VERIFICATION LOADS !
i ANALYSIS (VLA) | el
CARGO ELEMENT | | ! r SRR S : PAYLOAD ASSESSMENT
! —>, 1
----------- : ! ! 1 FUSELAGE & PAYLOAD 1
! CBAESGSO i e e ' ' INTEGRATION ' »l«
' ! ! HARDWARE '
| INTEGRATION | | ASSESSMENT —>| VERIFICATION ACCEPTANCE
Lyt ' REVIEW (VAR)
BRSS SYSTEM ¢
INTEGRATION . AN AT . ‘L
1 1
— i VLA REPORT ! SAFETY PROCESS
- 1
e H ORBITER ROLLOUT REVIEW
FLIGHT READINESS REVIEW

siar REV B A-5 01/19/01



APPENDI X B
CURRENT SPACE SHUTTLE VEH CLE MATH MODELS AND FORCI NG FUNCTI ONS

There are currently two Space Shuttle Vehicle (SSV) |iftoff
structural math nodels that are used to support Cargo El enment
(CE) Design Loads Anal yses (DLAs) and Verification Loads Anal yses
(VLAs). The nodel to be enpl oyed is dependent upon which
External Tank (ET) is being used for the particular mssion. One
nodel uses the Lightweight External Tank (LW) that has been used
to support Shuttle flights since 1989. This nodel is docunented
in Reference 16, Report No. STS81-0641F, "STS Dynami c Math Model s
(M. 0ZA) for Payl oad Loads Analysis.” The second liftoff
structural nodel is docunented in Reference 17, Report No. TBD,
"STS Cargo Integration Dynam c Math Mdels (CML. 0A) for Cargo

El ement Loads Anal ysis” and uses the Super Lightwei ght Tank
(SLWI) and the new High Fidelity Cargo Integration Orbiter
structural dynamic math nodel. The second nodel is also referred
to as the H Fi nodel. The ET nodel is the verification cycle
SLWI' whi ch represents the new flight hardware. There is

approxi mately a 7500-pound reduction in the SLW inert structural
wei ght as conpared to the LWI. The previous M. 0ZB and M. 0ZC
Orbiter performance enhancenent nodel s are now obsol ete and shal
not be used.

The liftoff forcing functions are devel oped for a specific SSV
nodel , such as M. 0ZA or CML.0A, and are applicable for all CE
wei ghts. The liftoff forcing functions for the LW are
docunented in Reference 18, STS88-0609, “Liftoff Forcing
Functions (LR2000 Series) for Payl oad Loads Analysis.” The
liftoff forcing functions for the H Fi Obiter nodel are
docunented in Reference 19, Report No. TBD “Cargo Integration
Liftof f Forcing Functions (CLOLOOO Series) for Cargo El enment
Loads Analysis.” It is inportant to note that these two sets of
forcing functions are not interchangeable. That is, the LR2000
forcing functions cannot be applied to the CML. OA nmat h nodel nor
can the CLOL000 forcing functions be applied to the Ms. 0ZA math
nodel .

In order to ensure that the full liftoff response envel ope is
assessed, the conplete set of liftoff forcing functions nust be
included in the CE devel oper’s analysis. Any deviation fromthis
requires prior witten approval fromthe SWs and SSP.

The High Fidelity Orbiter structural math nodel (CML.0A) will be
used for all quasi-static and |anding | oads anal ysi s.
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The I anding forcing functions are dependent on the cargo/ O biter
system wei ght, mass nonent of inertia, and center of gravity
(CG. Landing forcing functions are docunented in Reference 20,
STS86- 0020A, "Landi ng Forcing Function 7000 Series Data Base."

Landi ng | oad conditi ons have been selected to adequately
characterize the |l anding transient |oading environment for CEs in
the O biter cargo bay. There are seven sets of |anding forcing
functions that are provided for Obiter/CE response anal ysis.
These are:

Maxi mum nose gear | oadi ng
H gh o - main gear |anding
Low o - main gear |anding
H gh o - main gear landing with +Yo crossw nd
Low o - main gear |landing with +Yp crossw nd
H gh o - main gear landing wth -Yocrossw nd
Low o - main gear landing with -Yo crossw nd

NooRONME

where o is the Obiter’s angle of attack during nmain gear
I mpact .

For returnable CEs nom nal |anding cases, a sink speed criteria
of 9.6 feet per second (fps) shall be used to calcul ate
conditions 2 through 7. Nonreturnable CEs will be anal yzed using
a sink speed criterion of 7.2 fps for conditions 2 through 7.
Abort and contingency |anding cases will also be perfornmed using
the 7.2 fps landing sink speed criteria.

The enpty cargo bay on-orbit Orbiter dynamic math nodel is
docunented in Reference 21, Report No. SSD92D0594, “STS Dynam c
Mat h Mbdel (Mb6.0VB) for On-orbit Payload Loads Analysis.” This
nodel is based on the M6.0 math nodel with OV-103 nass
distribution and with the cargo bay doors rotated to the ful
open position. Al standard frane attach degrees of freedom
(DOF) necessary to couple bridge fittings and sidewall nounted
payl oads to the Obiter as well as DOF serving as on-orbit

anal ysis force application points have been included in this
nmodel .
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APPENDI X C
VERI FI CATI ON LOADS ANALYSI S (VLA) OVERVI EW

The foll owi ng paragraphs describe the Verification Loads Anal ysis
(VLA) Ceneric Tenplate and the various activities that occur
during that tine frame. The generic VLA tenplate tineline is
shown in Table G 1 for the various events that will occur. The

m ssion specific VLA tenplate will be published and mai ntai ned by
t he Support Contractor (SC) (United Space Alliance (USA) and
Boei ng Reusabl e Space Systens (BRSS)) and nmay differ fromthe
generic tenplate. Planned nulti-cycle VLAs will utilize the SSP
Loads I ndi cator VLA Approach that is described in Appendi x O

The first cycle of a planned multi-cycle VLA w Il utilize the VLA
activities that are described in the foll ow ng paragraphs with

t he second and subsequent cycles being highly condensed fromthe
generic tenpl ate.

The process for supporting the VLA starts several nonths prior to
the Pre-Verification Loads Review (PVLR) and ends with the
closure of action itens resulting fromthe Verification
Acceptance Review (VAR). Prior to the start of this process, the
vari ous Cargo Elenent (CE) structural analysts will be working
closely with the Structures Wirking G oup (SW5 to ensure that

t he NSTS 14046 payl oad verification requirenents are net. To
support the Cargo Conpatibility Review (CCR), the Cargo
Integration Review (CIR) and the PVLR, the SSP requires a copy of
the | atest CE Design Loads Report. Details on specific itens
that should be contained within that report are defined in
Appendi x D. The data contained within the design | oads report is
used to performCE-to-Orbiter interface | oads and cl earance
assessnments for the planned flight manifest. Results of this
assessnment identify potential interface | oads or clearance

probl ens that nust be closely nonitored during the VLA

The PVLR is conducted approximately 2 nonths prior to nath nodel
delivery. The PVLR is conducted so that the participants can

di scuss the VLA process, determne the status of each CE math
nodel , identify VLA output data products required by each CE
devel oper for their final structural assessnent, define data
transmttal procedures, and finalize the schedule of activities
| eading to the VAR By the end of the PVLR, all CEs and their

| ocation in the cargo bay, and all VLA contingency | anding

mani fests and | anding sink rates have been finalized. The PVLR
Presenter’s Qutline, that describes the recomended contents of
t he CE devel oper presentation, is included as Appendi x H.
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At or prior to the specified math nodel delivery date, test
verified CE structural math nodel s and associ ated CE dat a,

i ncluding thermal deflections, manufacturing tolerances, and
docunentation shall be delivered for each CE to the SC. Al
itens that are identified in Appendix | nust be provided at this
time. |If a CE changes configuration during flight, a math node
will be required for each CE configuration.

Thus math nodels for liftoff, abort |anding, contingency

| andi ngs, nornal |anding, and on-orbit configurations may be
required to support a particular VLA. Al CE nodels, whether
they are across the Orbiter’s cargo bay or sidewall-nounted
(primary or secondary) are due at this tinme. The nodel delivery
date shown in Table C-1 assunes that a standard |inear VLA wl|
be perforned using the standard di agonal system danpi ng approach.
If this is not the case, the PVLR woul d have established a unique
tenpl ate and the dates contained within the PVLR m nutes woul d
apply. VLA tenplates for non-linear |oads analysis wll be

| onger and require earlier math nodel deliveries than for a
standard VLA. If a delivered math nodel does not conply with the
NSTS 14046 payl oad verification requirenments, SW5 personnel wll
review the nodel and determ ne a nodel UF that will be included
in the VLA results. The SSP will specify a manifest uncertainty
factor (MJF) that will be included in the VLA results. Planned
multicycle VLAs will utilize the SSP Load I ndicator VLA Approach
that is described in Appendix O Each CE devel oper will be
required to certify that the CE structure has positive nmargins of
safety with the VLA results including all SW5 USA and SSP
specified UFs and MJFs. In sone cases, additional paranetric
anal yses will be perforned to determ ne the effect of potenti al
errors in non-test verified math nodels.

Just prior to actually starting the VLA the Verification

Anal ysis Data Acceptability Review (VADAR) telecon wll be
conduct ed between the SSP, USA, BRSS, and the CE devel opers.
This telecon will be scheduled after all CE nodels have been
received and validated at BRSS. Specific cargo bay
configurations, math nodels, forcing functions, CE data, analysis
met hods, and response data recoveries that are planned for the
VLA will be clearly identified by the SC. Each CE devel oper
shal |l either concur with the SC provi ded data or provide updated
data prior to or during the VADAR After conpletion of this
review, formal authorization wll be provided to begin the VLA
Any changes to CE nodel s, output products, nmanifests, etc., that
occur after the VADAR w Il be an inpact to the VLA and nust be
coordinated wth USA as soon as practical. By the end of the
VADAR, all data to be provided for the VLA data dunp, as well as
the data recipients, data formats, and neans of data delivery
have been finalized.
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The VLA output data (this event is referred to as the VLA Data
Dunp) will be provided to the CE developers in the data
transmttal formats, nedia, and contents as defined in Appendi x N
or, when nodified, in the PVLR or VADAR m nutes. The BRSS VLA
results will be formally docunented and will be published prior
to the VAR

The CE devel oper is responsible for conmputing CE | oads and

defl ections due to cargo bay vibro-acoustics, pressure
differentials, trunnion friction, CE thermal distortions, etc.,
and conbi ning them as appropriate with the VLA results. The CE
devel oper shall include in this assessnent |oads fromall sources
(e.g., low frequency transient, quasi-static, thermal, pressure,
acoustics, randomvibration, preloads, and friction) for all

m ssion segnents during which the CE hardware is attached to the
O biter. The CE developer is also responsible for verifying that
the CE thermal /dynam c envel ope (including pressure, thermal,

m sal i gnment, and manufacturing tol erance effects) does not
exceed the constraints as specified in the unique CE ICD, |CD 2-
19001, NSTS 21000-1DD- 1SS or NSTS 21000-1DD SM. as appropri ate.

The CE devel oper shall notify the SSP and the SC as soon as
possi bl e after |earning about any CE changes that would either
invalidate the CE math nodel or exceed the specified tol erances
for CE weight and center of gravity (CQ.

The CE devel oper is responsible for performng an Orbiter restow
| atch | oad assessnment if a m ssion scenario exists where it may
be necessary to relatch a deployable CE (due to an aborted

m ssion or planned return of a CE fromorbit). The force that is
required to pull the trunnions down into the | atches nust be
conbined with other flight |oads and assessed agai nst the
strength capability of the Obiter and CE structure. In
addition, the force that is required throughout the |atching
nmotion nust be within the latch’s capability. 1In order to
determne the relatching force, the manufacturing tol erances of
the Orbiter and CE plus the on-orbit thermal deformation of the
Orbiter and CE nust be taken into account. The torque inparted
to the CE in latching an out-of-plane | ongeron trunni on can cause
the I ongeron trunnions to deflect in the +/-Yo direction and can
cause the keel trunnion to deflect in the -Zo direction. These
defl ecti ons nust be consi dered when eval uating al |l owabl e trunni on
and keel deflection limts. The procedure for evaluating these
effects is described in Reference 7, NSTS 21000-1DD-1SS
“I'nternational Space Station Interface Definition Docunment” which
is applicable for International Space Station (ISS) CEs and

Ref erence 8, 1CD 2-19001 “Shuttle Orbiter/Cargo Standard
Interfaces” which is applicable for non-1SS CEs. Determ nately
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mounted CEsS require no additional force for relatching but wll
still inpose sone latch to CE rel ative notion

The cargo bay vent doors are normally closed at the start of
entry and do not begin to open until after peak aerodynam c
heati ng has occurred. However, the CE developer is required to
make a thermal assessnent of the CE and all CE supplied hardware
considering a vent failed in the open position and remai ni ng open
t hroughout entry. The CE devel oper shall verify that this
condition will not cause the CE to present a hazard to the
Obiter. A prelimnary safety assessnent shall be submtted to
SSP and shall be nmade assum ng a conservative, worst case
condition which has the CE located directly in front of the
ingested air plune with respect to the X, direction. A nore
detail ed di scussion of venting effects is described in NSTS
21000-1DD-1SS for ISS CEs or ICD 2-19001 for non-1SS CEs.

The VAR is conducted to review and approve the results of the
BRSS and CE structural assessments. Each CE devel oper w |
certify during this reviewthat all margins of safety for the CE,
considering all in-flight cargo bay configurations including
contingencies and aborts, are positive and that the structure is
safe for all flight phases. This assessnent and certification

wi Il include all applicable UFs and MJFs. If itens are
identified during this review that require additional work or if
the CE has not yet conpleted the evaluations, action itens wll
be assigned. The VAR presenter’s outline that describes the
recommended contents of the CE devel oper’s presentation is
provided in Appendix J. The VAR neeting is intended to conplete
the SSP structural flight verification process and to provide the
data that will be used to support the SSP Flight Readi ness Review
(FRR) process.

The normal SSP Certification of Flight Readi ness (CoFR) Revi ews
and FRR processes begin approximately 2.5 nonths prior to | aunch.
The intervening time between the structures VAR and these revi ews
is allocated to resolve and conplete all residual action itens
fromthe VLA, Open actions that extend into the CoFR or FRR
process are treated as a threat to | aunch and receive

consi derabl e SSP managenent attention and assi stance in closing
the issue. Thus it is highly desirable to have all structures

i ssues closed prior to the start of these reviews.

Table C-1 summarizes the significant VLA m | estones and dates

| eading to flight, and the appendi x that contains additional
information on the item
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Table C-1
VLA CGeneric Tenpl ate

M LESTONE DATE* APPENDI X

CE Design Loads Anal ysis Report L — 13.0 D
Pre-Verification Loads Revi ew (PVLR) L — 10.0 H
Al'l CE Math Moddel s Delivered L-7.5 I
Verification Analysis Data Acceptability Review L-7.0

( VADAR)

VLA Data Dunp L -—5.5 N
VLA Report L - 4.5
Verification Acceptance Revi ew (VAR) L - 3.5 J
CoFR/ FRR St art L- 2.5

Launch L-0

* Mont hs before | aunch
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APPENDI X D
CE DESI GN LOADS REPORT CONTENTS

The Cargo El enment (CE) Payl oad Integration Plan (PIP) or M ssion
Integration Plan (MP) requires that the CE devel oper supply a CE
Design Loads Report. This report is to be delivered to the SC as
specified in Table C 1 of Appendix C or the m ssion-unique
Verification Loads Analysis (VLA) schedule that is published by
USA. This docunent is required to support the Cargo
Conpatibility Review (CCR) and the Cargo Integration Review
(CR. The report provides the data fromwhich a prelimnary
assessnment of CE capability and Orbiter/CE conpatibility can be
made. As a mninmumthe Design Loads Report should contain the
fol | ow ng:

a. Define the cargo bay manifest that was anal yzed and the SSV
mat h nodel s and forcing functions that were used

b. CE mass properties

c. CE-to-Obiter quasi-static and dynanmi c point to point
relative displacenents for all CEitens that are within 3
inches (statically) of the 90-inch radius envel ope, within 3
i nches of Orbiter hardware that protrudes into the 90-inch
radi us envel ope, or that is outside the 90-inch radius
envel ope.

d. Shuttle/CE |ongeron trunnion interface | oads and rel ative
di spl acenent s

e. Shuttl e/ CE keel trunnion interface |oads and rel ati ve
di spl acenent s

The actual organi zation of the docunment may be according to the
author's desires. However, the following itens are requested by
the SSP to be contained in the Design Loads Report.

REQUESTED DESI GN LOADS REPORT CONTENTS

1. | NTRODUCTI ON

1.1. Provide an organi zational chart of those devel opi ng or
anal yzing the CE/ instrunment, NASA Center sponsoring the
CE, the conpany organi zation, titles, mail address,
el ectronic nmai|l address, tel ephone nunbers and FAX
nunbers of the individuals invol ved.
Provide pictorials of the CE and its nmajor conmponents.
Tabul ate the CE s mass properties.

=
W N

siar REV B D-1 01/ 19/ 01



2.

si ar

CE DYNAM C MATH MODEL DESCRI PTI ON

2.1. Describe the nodal frequencies, free-free eigenval ues,
shuttl e constrai ned ei genval ues, etc.

2.2. List the Support Contractor (SC) (United Space Alliance
(USA) and Boei ng Reusabl e Space Systens (BRSS)) provided
Space Shuttle Vehicle (SSV) nodel nunber and docunent
used in the CE Design Loads Anal ysis (DLA).

2.3. List the SC provided forcing functions and docunent used
in the CE DLA.

2.4. Describe the cargo bay mani fest arrangenent used for the
DLA.

2.5. |If coupled and quasi-static |oads analysis results were
not used for the CE design, describe the process that
was used to devel op the design | oads and sources of
i nput paraneters (e.g., load factors).

UNI QUE ANALYSI S REQUI REMENTS

3.1. Describe any unique analysis, non-linear analyses,
interface friction, stick/slip analyses, or CE uni que
danpi ng schedul es that were perforned.

3.2. Describe any unique |oading environnents which were
anal yzed i ncl udi ng Reaction Control System (RCS), On-
O bit configuration changes, Renpote Mnipul ator System
(RVB) operations, and crew i nduced | oads.

3.3. Describe any contingency configurations, (e.g. |anding
with failed CE | atches, nechanismfailure to
retract/tilt, doors or covers failed open, etc.) which
were analyzed to conply with SSP safety requirenents.

3.4. Describe which of the above anal yses nust be included in
t he VLA

ANALYSI S RESULTS (Provide | oads and defl ections as flight

regi me consistent data (e.g., liftoff, ascent quasi-static,

descent quasi-static, on-orbit, and | anding)).

4.1. Transient Analysis Results

4.1.1. Liftoff analysis

4.1.2. Landing anal ysis (includes nom nal, contingencies,
ener gency, and abort)

4.1.3. On orbit analysis

Quasi-static Analysis Results

Provide a summary of the Orbiter/CE interface | oads.

Provide a summary of the CE stress anal yses that has

been perforned and the resulting Margins of Safety.

Descri be each structural itemthat is within 3 inches

(statically) of the 90-inch radius envel ope, within 3

inches of Orbiter hardware that protrudes into the 90-

inch envel ope, or that is outside the 90-inch radius

envel ope. Provide CE-to-Orbiter dynam c and quasi -

static point-to-point relative deflection results for

each item

e
SIS
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5.
6.

si ar

4.6.

Provi de the quasi-static and dynam c relative

defl ections of the CE at the trunnions and the points
identified in 4.5 above.

Descri be all uncertainty factors (UFs) that were used
and how they were applied. |If no UF was utilized in the
CE DLA, the docunentation that is submtted to BRSS
shal |l specify a UF that is recomended by the CE

devel oper to be applied for the Obiter/CE interface

| oads and rel ative deflection conpatibility assessnent.
The CE structural math nodel maturity, mass properties
maturity, extent of test-verified hardware, manifest
uncertainty, and usage (or |ack of usage) of the
currently baselined SSV structural math nodels and
forcing functions shall be considered in determning the
recomended UF.

ACRONYM LI ST

REFERENCES
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APPENDI X E

SPACE SHUTTLE VEH CLE MATH MODELS AND
FORCI NG FUNCTI ONS REQUEST PROCESS

The process and requirenents for requesting Space Shuttle Vehicle
(SSV) math nodels and forcing functions for a Cargo El ement (CE)
design | oads analysis is as foll ows:

1. Requests for SSV math nodels and forcing functions originate
with the CE devel opnent organi zation and shoul d be schedul ed
as per the Payload Integration Plan (PIP) or M ssion
Integration Plan (MP).

2. The formal request should be made to Ms. Erica E. Bruno,
Uni ted Space Alliance USH 700D, tel ephone 281-280- 6945,
facsimle 281-212-6045, electronic mail address
“erica.e. bruno@sahq. uni tedspaceal | i ance. conf. An advance
copy should also be sent to M. C. T. Rodgers, Boeing
Reusabl e Space Systens (BRSS). He nay be contacted at
t el ephone 714-372-2801, facsimle 714-934-5009, or
“chris.t.rodgers@oei ng.comi via electronic mail. A courtesy
copy should al so be sent to NASA/ JSC ES2/ Vi ncent Fogt,
t el ephone 281-483-6391; facsimle 281-244-5918. M. Fogt’s
el ectronic nmail address is “Vincent. A Fogt1l@ sc. nasa. gov”.

3. Data delivery schedul es are coordi nated and agreed to between
the CE devel opnment organi zation, United Space Alliance (USA),
and BRSS. USA will provide either witten or verba
authorization to BRSS to proceed once the delivery schedul e
i s baselined and agreenents have been reached regarding the
SSV mat h nodel s and forcing functions devel opnent
requi renents. Authorization will not be provided until all
necessary i nformati on has been provided to BRSS.

4. Six weeks are required for the devel opnent and delivery of a
full SSV math nodel and forcing functions data package after
authority to proceed is received by BRSS. Urgent requests
nmust be coordinated with USA such that ongoing or planned SSV
mat h nodel devel opnent tasks and schedul es can be nodifi ed.

5. Atwo-week tenplate is required for additional quasi-static

defl ection data or for only landing forcing functions
devel opnent and transm ttal.

siar REV B E-1 01/ 19/ 01



Media and format requirenents for the data transmittal are
coordi nated with the CE devel opnment organi zation. The
standard data format for SSV math nodel s and forcing
functions is defined in Appendi x M

The requested data are generated, transmtted to the
requesting organi zation, and the appropriate docunentation is
publ i shed.

The request for SSV math nodels and forcing functions nust
contain the follow ng information:

1.

si ar

Identification of sill |ongeron and keel trunnion attach

| ocations (coordinates in the Orbiter coordinate system.
Identification of primary and stabilizer trunnion |ocations.
B-RSS will verify that the specified |ocations are viable,
based on I CD-2-19001 or NSTS 21000-1DD-1SS constraints.

Alternate or potential |ongeron and keel locations (if any)
accounting for trunnion spaci ng unknowns, mnanifest | ocation
uncertainty, or the desire to analyze the sane CE in a tandem
or triplet manifest configuration in the cargo bay.

Mass properties of the CE and CE chargeabl e equi pnent
(wei ghts and center of gravity (CG referenced to the Shuttle
O biter coordinate system.

Definition (schematic and coordi nates) of CE structure that
is located within 3 inches of the 90-inch radius

t hermal / dynam ¢ envel ope, within 3 inches of any Orbiter
protrusion into the envel ope, or that protrudes outside the
envel ope such that appropriate degrees of freedom (DOF) nmay
be retained in the Shuttle math nodel to facilitate cl earance
assessnents.

Definition, if known, of special m ssion equipnent or m ssion
kits such as the Renote Manipul ator System (RMS5), Obiter
Docki ng System (ODS), Extended Duration Orbiter (EDO pallet,
Renpotely Operated Electrical/Fluid Urbilical (ROEU ROFU)

etc., and whether these itens should be coupled to the
Orbiter math nodel or provided separately. |If to be provided
separately, the format nust be specified. The coordi nates of
the ROEU ROFU interface to the CE shall be specified. The
SSP requires that response data be cal cul ated (net | oad
factors, Orbiter interface |oads, relative deflections, etc.)
and provided to BRSS for these m ssion equipnment itens to
assess mssion conpatibility with the Orbiter.
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10.

si ar

Where direct recoveries of these itens are not feasible from
the DLA, an Qutput Transformation Matrix will be provided to
facilitate the recoveri es.

Format of the Shuttle math nodels (Physical, Craig-Banpton,
or Rubi n-MacNeal free-free) shall be specified.

Speci fication of returnable or nonreturnable CE type such
that the appropriate I anding forcing functions can be

provi ded. Contingency configurations shall be considered for
addi ti onal |andi ng anal yses and shall be specified in the
request with the appropriate mass properties.

Media transmttal type and format shall be specified and is
negoti abl e based upon the CE devel opnent organi zation’s and
BRSS' s capabilities. Sone options are 9-track magnetic
tapes, magnetic cartridge tapes, electronic transm ssion, and
tenporary guest accounts on mainframe conputers.

The CE desired data delivery date shall be specified. The
final delivery date will be negotiated based upon the anount
of math nodel requests in work at the tinme and ot her approved
priority and nonpriority tasks in the SC request queue.

Under no circunstances will a Shuttle math nodel begin to be
devel oped without a conplete list of requirenents.

A single point of contact shall be specified fromthe CE
devel opnent organi zation to facilitate coordination of

requi renents, schedules, and data transfer. Please include
full name, tel ephone and facsimle nunbers, and el ectronic
mai | address with the request.
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SSV MATH MODELS AND FORCI NG FUNCTI ONS REQUEST FORM

Requesti ng Organi zation:

Conpl ete mailing address

Ful | name of point of contact

Phone and fax nunbers

El ectronic nmail address

Desired data delivery date:

Orbiter Model to be Delivered M6. 0ZA CML. OA

Cargo El enent (CE) weight in pounds

CE center of gravity: Xo Yo Zo
Primary | ongeron Xo attach | ocations: Al ternate:
Stabilizer longeron X, attach | ocation: Al t er nat e:
Keel Xo attach | ocations: Al ternate:

Speci fy any special nission equipnent:
(e.g., RVB, ODS, ROEU, ROFU)

Speci fy how t he special mssion equiprment nodels are to be provided (e.g.,
coupled with Orbiter or stand al one separate nodel s)

ROEU ROFU CE interface coordi nates: Xo Yo Zo
Shuttle math nodel format: Physical Craig-Banpton Rubin-MacNeal O her(explain)

Landi ng category (returnable or non-returnable):

Media transnittal type (e.g., 9-track tape, electronic,
magnetic cartridge):

(If electronic, provide necessary data)

NOTES: 1. Al locations are to be provided in inches and Orbiter coordinate
system

2. Detailed definition (schematic and coordi nates) of all CE
structure that is |ocated within three inches of the 90-inch
radius Orbiter cargo bay thermal/dynam c envel ope, within three
i nches of any Orbiter protrusion into the envel ope, or that
protrudes outside the envel ope shall be provided. |If the CE does
not have any such structure, include a statenent that it does not.
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APPENDI X F

CARGO ELEMENT DATA REQUI REMENTS FOR
ORBI TER COVPATI BI LI TY ASSESSMENT

In order for the Space Shuttle Program (SSP) Structures teamto
performan Obiter/Cargo El ement (CE) structural conpatibility
assessnment, the CE devel oper must deliver the CE current design
coupl ed quasi-static and dynam c | oads anal yses report and/or
data. If a formal report is not available, the data nust be
provided with traceability, such as a cover letter or nenorandum
Q her data that nust be provided include the foll ow ng:

1. Points of contact (nane, tel ephone, address, email, fax) from
t he CE devel oper organi zation for providing and answeri ng
guestions regardi ng Conputer Ai ded Design (CAD) nodel s and
desi gn | oads anal ysis results/reports.

2. The CE 3-D CAD nodel that includes all existing
Extravehi cul ar Activity (EVA) aids, unbilicals, grapple
fixtures and other surface nmounted hardware itens wth
identification for ground or on-orbit installation. The CAD
nodel requirenents are defined in Appendix G Any itemthat
is located within 3 inches of the 90-inch radius
t hermal / dynam ¢ envel ope, within 3 inches of any Orbiter
har dware protrusion into the envel ope, or that protrudes
out si de of the envel ope nmust be accurately represented in the
CAD nodel .

3. The CE math nodel description that identifies the node
pedi gree and uncertainty factors used in the anal ysis.

4. References for all SSV math nodel s and forcing functions
utilized in the transient and quasi-static anal ysis.

5. Description of the methodol ogy used to performthe Orbiter/CE
coupl ed quasi -static and dynam c | oads anal yses. Describe
t he conbi nati on met hod bei ng used for conbi ni ng random and
transi ent | oads.

6. Sidewall mounted CEs orientation (port/starboard), weight,
CG and interface attachnment to the sidewall carrier defined
in the Orbiter coordinate system The CE m ni nrum natura
frequency as cantilevered fromthe sidewall carrier. Event
consi stent and time uncorrel ated maxi mum (both positive and
negative) sidewall carrier-to-Orbiter interface | oads. Event
consi stent and tinme uncorrel ated translational and rotationa
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transient (liftoff/landing), and random vibration net | oad
factors with the appropriate randonftransi ent conbinati ons.

7. Physical description of the CE primary, stabilizer, and kee
trunnion (length, dianeter, surface finish, material, etc.),
and thermal and nmanufacturing tol erances.

8. Definition of the CE primary, stabilizer, and keel trunnion
Obiter interface | ocations and the coupl ed degrees of
freedom (DOF) in the Obiter coordinate systemfor all cargo
bay configurations considered in the analysis.

9. Description of the analyses perforned: [liftoff (including
random vi bration), |anding (normal/abort/contingency/
energency), acoustic, quasi-static, and on-orbit conditions,
including all appropriate thermal, nechanical, and
conpartnment pressure case conbinations.

10. Event consistent and tinme uncorrel ated maxi num (both positive
and negative) CE primary, stabilizer, and keel trunnion
O biter interface loads for the lift-off and | anding
transient flight events and the in-flight “quasi-static”
regimes wth definition of the case identification,
uncertainty factor, preload, and friction coefficients
utilized. If trunnion tenperatures above -130° Fahrenheit
were used to determne the friction coefficients, provide
i nformati on and docunentation of any thermal analysis that
was perfornmed to determ ne and justify a warner tenperature.

11. Primary, stabilizer, and keel trunnion Orbiter relative
defl ecti ons of the uncoupled DOF for the lift-off and | anding
transient flight events and the in-flight quasi-static
regines. Relative deflections between the CE trunnions and
the Orbiter should be categorized as notion together and
notion apart. Wen deflection data is not provided, a
3.0-inch deflection wll typically be assuned.

12. Rel ative deflections of the CE structure (having a radius
greater than 87.0 inches) with respect to the CE 90-inch
radi us thermal and dynam c envel ope. Relative deflections of
potentially flexible CE structures (such as antennae) which
reside inside the 87.0-inch static radius are simlarly
required. If the CE structure to Orbiter point-to-point
dynam c cl earance has been cal cul ated, these data should al so
be provided (for exanple, CE structure to Orbiter top
centerline cargo bay door |latches). Wen deflection data is
not provided, a 3.0-inch deflection will typically be assuned
unless it is known that the structure is very flexible in
whi ch case a larger, very conservative estimate wll be made.
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13.

14.

Definition of the deflections of CE secondary structure (such
as neteoroid/debris shields) with potential clearance issues,
as defined in 2.0 above, due to dynam c, quasi-static and
random vi brati on environnents.

Provi de CE manufacturing tolerances and thernmal distortion
and internal pressure deflections for each itemdefined in
section 2.0.
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APPENDI X G
CARGO ELEMENT COVPUTER Al DED DESI GN MODEL REQUI REMENTS

The following three files are required when Cargo El ement (CE)
Comput er Ai ded Design (CAD) data, (e.g., 2-D Draw ngs, 3-D
nodel s, figures, data listings) are submtted to Boei ng Reusabl e
Space System (BRSS). Each file nust include the CE nanme and
assenbly parts nunber

1. READ ME FILE -- Provide general information about the
contents of files, sending system person to contact (phone
nunber and email address), sender’s conpany nane and address.

2. STEP FILE -- (in ASCIl format) to provide 3-D nodel geonetry.
| GES FI LE can be accepted when the CE devel oper CAD system
does not support the generation of a STEP file. STEP/IGES
files are required for CE devel opers only.

3. GF, VRM, STL or HPA FILE -- For visualization purpose. |If
file is not available, a fax or hard copy of the CE (solid)
nodel in iso view (with hidden |ines renoved) fromits native
systemor CE drawing is acceptable.

(It is reconmended that each STEP and/or IGES file has a
maxi mum si ze of 50 Megabytes (MB). Mbdels that are broken
down into several files by the CE devel oper shall use the
same CAD coordi nate system Instructions for reassenbling
t he nodel s nust be provided.)

For CE devel opers sending |-DEAS (3-D) geonetry nodel:

1. Model data file can be electronically transferred (see
bel ow) .

2. The nodel data can be provided in |-DEAS UN VERSAL file
(.unv) or archive file (.arc) fornat.

Note: BRSS currently uses |-DEAS Master’s Series Version 5.0.

For CE devel opers sending CATIA (solid) nodels or direct solids
translated i nto CATIA
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1. File requirenent: Use CATEXP (drop=yes, refer=no).

Qut put to sequential file, and CATAI X
to “1S008859-1" code page format.
Solids in the database shall be
noni sol at ed.

Maxi mum i ndi vi dual file size: 30 MB
(Data + | ndex)

2. Tape/CD format: The CATEXP output file shall be included
on the tape.
CATEXP. QUT on Al X pl atforns.
The tape/ CD | abel shall include a Iist of the
sequential files and shall identify the
pl atform from whi ch the CATEXP was done: VM
or WS (EBCDIC), or AIX (ASCII).

Not e: BRSS/ Hunti ngton Beach currently uses CATIA Version 4.2.1 Rl
on Al X/ Wor kst ati ons.

The method for transferring data files shall be conpatible with
one of follow ng:

1. Electronic Data transfer (Local Area Network, Internet
connection, Ethernet, etc.):

1.1. Internet connection: (The followng I P address is
aut hori zed and accessi bl e:)
Sphi nx. cal . boei ng. com (or
141. 102. 208. 157 for UN X
envi ronment)
useri d: user xf er
passwd: nongoose
(then, cd to /pub/renote/payl oad)

Note: It is highly recommended to send data files via the
Internet due to the existing BRSS system which
consi sts of a high volune of disk space and fast
response tinme overall. The nodel provider should
contact BRSS while the file is being sent. This
public File Transfer Protocol (FTP) renote site is
outside the BRSS firewall and all nodel files will be
automatically deleted after 2 weeks.

1.2. E-mail connection: Data files can be sent as an
el ectroni ¢ nessage attachnent to the foll ow ng address:
yuan. c. yang@oei ng.com There is a 5-MB maxi mumfile
size limt for this nmethod of data transfer
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2. Data transfer by tape:
2.1. UNIX Workstation (SGE, SUN, IBM HP):

a) Tape requirenent: CACHE tape - 4 or 8 W -

cartridge or 1/4 inch - cartridge

b) Tape or CD format: UN X TAR.

c) Floppy Disk requirenent: 3.5 inch D sk Backup, or

TAR on | BM RS/ 6000
2.2. I1BMPC

a) Floppy Dsk requirenent: 3.50 inch (1.44 MB).

b) Floppy D sk format: | BM DOS/ Ms- DOS

Space Station Anal ysis Coordinate System

Space Station on-orbit CAD nodels shall be provided in the Space
Station 3D Anal ysis Coordinate Axis System The broken down/ CE

nodel files shall conply with the same axis system

Orbiter Coordi nate Systenf Uni que Cargo El enent Coordi nate System

Al'l CAD nodels that are intended for use with the Obiter (e.g.,

| aunch, nom nal | andi ng, and/or contingency | anding

configurations) shall be provided in the Orbiter Coordinate
System If a unique Cargo El enent Coordinate Systemis used, its
correlation to the Orbiter Coordinate System nust be specified in

the read-ne file and/or contained within the provided CE
dr awi ngs.

BRSS/ Hunt i ngt on Beach Contacts

Due to continuous software updates, it is suggested that

BRSS be

contacted prior to the CE devel oper devel opi ng and sendi ng CAD

nodel s. For additional information concerning CAD nodel

requi renents or BRSS CAD capabilities, please contact the

fol |l ow ng personnel:

1. For Catial/Unigraphics translation - Y. C Yang (714) 372-2939

(yuan. c. yang@oei ng. con)
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3. For Pro-E/l-deas translation - Y. C. Yang (714) 372-2939
(i ncludes STEP, IGES, G F, UNV, VRW and any other solid
conversion/transl ation)

4. For on-orbit Space Station - Richard. Wong@\ést . Boei ng. com
(714) 372-2846
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APPENDI X H

PRE- VERI FI CATI ON LOADS REVI EW (PVLR) PRESENTER S OUTLI NE

The follow ng topics should be thoroughly discussed in the
presentation material presented at the Pre-Verification Loads
Revi ew (PVLR), as appropriate for the particular Cargo El enent
(CE). 1In the case of previously flown CEs, identify al

di fferences between this flight and the previous flight.

1.

si ar

| NTRODUCTI ON

Descri be the CE and the various functions that conprise the
CE. Describe the | oad paths through the structure. Provide
an organi zati onal chart of those devel opi ng and anal yzi ng the
CE that includes the supporting NASA Center, the Devel opnent
Conmpany, titles, telephone and FAX nunbers, and El ectronic
mai | addr esses.

CARGO ELEMENT MATH MODEL VERI FI CATI ON

Summari ze the approach used tor static and dynam ¢ math nodel
verification per the |atest version of NSTS 14046, “Payl oad
Verification Requirements.” Summarize all test results and
the correlation of the dynamc math nodel with test data.
Provide report nunbers in the presentation, if possible.

CE YNAM C MATH MODEL DESCRI PTI ON

Provide a brier description of the math nodels that will be
provided for the Verification Loads Analysis (VLA). Describe
the format, size, free-free eigenvalues, Shuttle interface
constrai ned ei genval ues, etc. Specify whether the Obiter
retention |latch masses will be added to the sliding Obiter
interface Degrees O Freedom (DOF) and values that will be
added. Provide a conparison of the current m ssion weight
and center of gravity (CG (preferably based upon
measurenents) to that of the math nodel being supplied.
Define the CE manufacturing tol erances and the thernal

di spl acenent data. Ildentify any nodel uncertainty factors
required to account for errors due to unverified nodels or
specified by the Structures Wirking G oup. Provide the SWG
approval meno nunber in the presentation if avail able.

CLOSE CLEARANCE PO NTS

For cl earance analysis purposes, additional recoverable

physi cal DOF shall be included in the CE math nodels. These
must include all CE structural itens that are within 3 inches
of the 90-inch radius thermal and dynam c envel ope, within 3
inches of Orbiter structure that intrudes into the 90-inch
radi us thermal and dynam c envel ope, or that protrude outside
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the 90-inch radius thernmal and dynam c envel ope. Describe
all close clearance points and the special efforts that have
been taken to verify the math nodel responses for those

poi nts.

5. UNI QUE ANALYSI S REQUI REMENTS
Descri be any unique analysis requirenments for the VLA,
i ncludi ng non-1linear analyses, interface friction, stick/slip
anal yses, CE uni que danpi ng schedul es, additional nodal
response recoveries above the standard 35 Hertz cutoff, etc.

Descri be any uni que | oads environnents whi ch nust be anal yzed
in the VLA including Reaction Control System Renote
Mani pul at or System operations, Extravehicular Activity crew

i nduced | oads, etc. Describe any contingency configurations
(e.g., landing wth failed CE | atches) that nust be anal yzed
to nmeet Space Shuttle safety requirenents.

6. DATA REQUI REMENTS
Descri be the VLA data recoveries (e.g., accelerations,
di spl acenents, and internal |oads) necessary to devel op the
CE structural assessnent to show conpatibility with m ssion
| oads. Specify requirenents for the data dunp format, such
as maxi mumi m ni mum |istings, tinme histories or shock spectra
plots, transmttal media, double precision data requirenents,
etc.
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APPENDI X |

CARGO ELEMENT STRUCTURAL MATH MODEL
DATA AND FORVAT REQUI REMENTS

1. The integration of the Cargo El enent (CE) and Orbiter
structural math nodels require conplete CE nodel data that
are conpatible with the Orbiter math nodels. Al CE nodels
provi ded for use in the Verification Loads Anal ysis (VLA
shall be test verified and approved by the Space Shuttle
Program (SSP) Structures Wrking Goup (SW5 according to the
structural verification requirements specified in NSTS 14046.

2. The CE structural math nodels nust satisfy the follow ng
requirenents to assure conpatibility with the Obiter math
nodel s:

2.1. Al nunerical math nodel data shall be transmtted using
at |l east 14 significant deciml digits of precision.

2.2. Al data should be transmtted electronically using File
Transfer Protocol (FTP) or other electronic file
transfer nmethods. Alternate transfer nethods nust be
pre-coordi nated with the Support Contractor (SC) (United
Space Alliance (USA) and Boei ng Reusabl e Space Systens
(BRSS)) .

2.3. When using electronic transm ssion, all docunentation
nmust be provided with the nodel files. An official,
hard copy of the docunentation shall also be provided.
I nformati on about file nanmes, contents, and formats
shal | be included in the docunentation.

The SC can either access a special account on the CE
custonmer's conputer systemor the CE custonmer can
transfer the data to an 'anonynous' account on the SC s
conputer system Many CE custoners have set up accounts
for the SC on their systens.

To use an account on a CE custoner’s conputer system
the CE customer mnust give the SC the Internet address of
the conputer system the nanme of the account, and the
password. Wen a CE nodel is available, the CE custoner
contacts the SC and provides the file nanes of the CE
nodel . The SC accesses the account by | ogging on

t hrough FTP and copies the files to the SC s system
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If the CE custoner cannot provide an account for the SC,
the SC can provide an 'anonynous' FTP account on the
SC s conputer system The Internet address will be
provi ded on an "as-needed" basis. The CE custoner can
then transfer the data to the SC s conputer system and
then shall contact the SC to provide the necessary

i nformati on concerning the data transfer.

2.4. All matrices should be in either SC or MSC NASTRAN
OUTPUT4 format (see SC format in paragraph 2.7 bel ow).
This data shall be provided in ASCII format and not in
binary format. Note that all zero matrix ternms nust be
explicitly witten (i.e., no packed matrices).

2.5. The physical degrees of freedom (DOF) used in the CE
nodel should be in the Orbiter coordi nate system as
defined in Section 3.1.1 of |1CD 2-19001, NSTS 21000-1 DD
I'SS, or the CE docunentation nust include the
transformation fromthe CE coordinate systemto the
O biter coordinate system

2.6. The CE structural attachnent point |ocations in the
cargo bay nust be explicitly stated in the Obiter
coordi nate systemin the acconpanyi ng docunentati on.

2.7. The SC QUTPUT4 format in terns of FORTRAN formatting
where the matrix data is witten by colums foll ows:

Record For mat Dat a
1 (16, 2A4) | HD, NAMEL
2 (316) NR, NC, NT

3 (12X, 1P5D24.16) | (A(J), J=1, NR)

Repeat for each data bl ock
(16, 2A4) | HD, NAMEN
(31 6) NR, NC, NT
(12X, 1P5D24.16) | (A(J), J=1, NR)

LAST (16) END
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Where: | HD -111
NAMEL Ei ght Character Data Bl ock Name of
First Matrix
NAMEN Ei ght Character Data Bl ock Name of
the Nth Matrix

NR Nunber of Rows
NC Nunmber of Col ums
NT Matri x Form

1 - Square

2 - Rectangul ar
3 - Symetric
| END -999 (wite once after the | ast data
bl ock)

3. CE nodels shall conmply with the follow ng genera
requirenments:

3.1. The CE structural attachnent point requirenents are
specified in Section 3.3.1 of ICD 2-19001 or NSTS 21000-
| DD- I SS.

3.2. CE math nodels that will have a keel attachnment to the
cargo bay forward of Xo = 1191.0 inches require physica
interface attachnment DOF to be | ocated at Zo = 305.0
inches. CE nodels that will have a keel attachnment to
the cargo bay aft of Xo = 1191.0 inches require the keel
physi cal interface attachnent DOF at Zo = 308.4 inches.
CEs that have potential keel attachnments to the cargo
bay both forward and aft of Xo = 1191.0 inches require
keel physical attachnment DOF at both Zo = 305.0 inches
and Zo = 308.4 inches.

3.3. All CE math nodel |ongeron attachnent DOF shall have the
Zo = 414.00 regardl ess of whet her depl oyabl e or
nondepl oyabl e retention | atches are used.

3.4. CE math nodels shall contain nodes up to 50 Hz as a
m nimum (up to 70 Hz nodal content is highly desired)
for the CE nodel constrained at the fixed Obiter
interface DOF unl ess the SWG specifies a higher
frequency content.

4. The CE mathematical nodels and docunmentati on shall i nclude
the follow ng el enents:

4.1. The docunentation shall include a date, title, and
uni que letter/report nunber for tracking purposes.
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4.2. A stiffness (K) matrix and an associated mass (M matrix

4.

4.4,

4.

4.

3.

5.

6.

nmust be provided. The maxi num nunber of DOF for a
Shuttle CE math nodel is |imted by analysis cost and
cycle tinme considerations to 400. Exceptions to this
limt shall be coordinated with USA. The stiffness and
mass matrices shall be provided in one of two formats
listed belowin Sections 4.2.1 and 4.2.2. Exceptions to
these formats shall be coordinated w th USA

4.2.1. The stiffness and nmass matrices nmay be expressed
in the physical coordinate system

4.2.2. The stiffness and nmass matrices nmay be expressed
in Craig-Banpton fixed node generalized form (See
Reference 6). In addition to the generalized
stiffness and mass matrices, the CE nust provide
t he coordinate transformation matrix (containing
nor mal nodes and constrai ned nodes) i ncluding
only those rows corresponding to DOF at which
physi cal responses are required.

The nodel nust contain physical DOF or a transformation
matrix to recover physical DOF in the X, Y, Z, 0O and
®z directions at each | ongeron bridge attach point and
inthe X, VY, Z 0©x and Oy directions at each kee

bri dge attach point.

The extra DOF that are needed for Orbiter to CE rel ative
di spl acenment and rel ative rotation conmputations at the
trunni ons nust be included. |In addition, for the
stabilizing | ongeron and keel trunnion DOF that attach
to a retention latch which slides in the Obiter Xo
direction, the appropriate physical DOF nust be provided
so the CE retention |latch mass can be added in the
coupl ed | oads anal ysi s.

For cl earance anal ysis purposes, additional recoverable
physi cal DOF shall be included in the CE math nodel s.
These nust include all CE structural itenms that are
expected to be within 3 inches of the 90-inch radius
thermal and dynam c envel ope, within 3 inches of Obiter
structure that intrudes into the 90-inch radius thernal
and dynam c envel ope, or that protrude outside the 90-

i nch radius thermal and dynam c envel ope.

CEs which utilize the Renotely Operated El ectrica
Urbilical (RCEU) or the Renptely Operated Fluid
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4. 7.

4. 8.

Urbi i cal (ROFU) shall retain the ROEU or ROFU physica
interface DOF in physical coordinates, in the CE math
nmodel .

The CE devel oper may provide Qutput Transformation
Matrices (OTMs). Obiter interface | oad recovery itens
nmust be included and clearly identified in the OTMs to
provi de a check on OTM usage. The OIM recovery net hod
must be specified in witing by the CE devel oper.
Sinpl e and direct recovery nethods are preferred. The
nunber of recovery itens is negotiable per flight per

m ssion manifest. An electronic text file may be

provi ded containing descriptions of the itens to be
recovered. These descriptions will be incorporated into
the anal ysis as NASTRAN TCURVE car ds.

The follow ng math nodel data nust be provided in
witing by the CE devel oper and included with the math
nodel transmttal

4.8.1. Row and colum descriptions of all provided
matri ces.

4.8.2. Row columms pertaining to DOF in the physical
coordi nate system shall be identified wth node
poi nt and conponent nunbers.

4.8.3. Reference coordinates in the Orbiter coordinate
system nust be provided for all physical DOF.

4.8.4. Plots of the finite element nodel showi ng Orbiter
attach points, attach point nunbering, and the
Orbiter coordi nate system axes shall be provided.

4.8.5. The units for all numerical data nust be
specified. The English system (inch-pound-
second) is the preferred systemof units. O her
systens of units are acceptable provided that the
docunent ati on contai ns the CE reconmrended
conversion factors to convert the supplied data
into the preferred (English) systemof units.

4.8.6. A nodal analysis of the dynam c nodel constrained
at the Obiter attachnent DOF shall be perforned.
As a mninmm the nodal frequencies up to and
including 50 Hz fromthis analysis shall be
provided. It is preferred that all nodal
frequencies up to 70 Hz be provided.
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4.8.7. A free-free nodal analysis of the dynam c node
shall be perfornmed and all rigid body and
fl exi bl e body frequencies bel ow 50 Hz should be
i ncluded within the docunentation that is
provi ded.

4.8.8. Results of a force equilibriumcheck about the CE
center of gravity (CG shall be provided using
the free-free stiffness matrix. A witten
summary of a mass summati on check about the CE CG
shall be contained in the docunentation. The
nodel’s CG | ocation in the Orbiter coordinate
system shall be provided in the node
docunent ati on

4.8.9. Sketches of the CE with | abeled critical
conponents and locations (in Obiter coordi nates)
shal |l be provided to aid the | oads and cl earance
anal ysi s process.

4.8.10. CE trunnion and cl earance poi nt nmanufacturing
tol erances and thermally induced displ acenent
data shall be provided as part of the CE math
nodel transmittal for the cal culation of trunnion
prel oads for indeterm nately constrai ned CEs and
for clearance assessnents.

Thermal di spl acenent data in O biter coordinates
is required for longeron trunnion to latch Yo

rel ative displacenents, keel trunnion to latch Zo
rel ative di splacenents and ot her cl earance
points. These data shall be provided in the
docunent ati on

5. Prior to performng the VLA, a PVLR will be conducted between
the SSP, SW5G USA, BRSS and CE devel opers to establish forma
agreenents on anal ysis input data requirenents, products, and
schedul es.

6. For nonstandard anal yses invol ving special analysis nethods,
devi ations from standard anal ysis paraneters, special CE
nodel processing, on-orbit dynam c | oads anal yses and/or the
nodel i ng and anal ysis of nonlinearities, the required
addi tional test verified CE nodel data and anal ysis
requi renments nust be coordinated with the SSP as early as
possi ble and no | ater than 18 nonths prior to the schedul ed
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| aunch date. A Technical Interchange Meeting (TIM between
the CE devel oper and the SSP will be required to discuss and
agree to these nonstandard anal yses and schedul es.

CE on-orbit math nodel fidelity requirenents for Obiter
attached CEs, which change fromtheir liftoff and |anding
configurations, are configuration dependent. The CE on-orbit
mat h nodel s nust contain sufficient detail to accurately
characterize Obiter/CE system nodes up to 20 Hz. On-orbhit
CE math nodels are required to be test verified per NSTS
14046 requirenents.

For Reaction Control System (RCS), Orbiter Maneuvering System
(OVM5), and dynam c crew | oads anal yses, CE math nodel OTMs
and associated limt |oad constraints representing critica

| oad el ements shall be provided to facilitate the sel ection
of loads, flight control and operations conpatible flight
control paraneters, and flight rules.
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APPENDI X J
VERI FI CATI ON ACCEPTANCE REVI EW PRESENTER S QUTLI NE

The foll owi ng topics should be thoroughly discussed in the
presentation material presented at the Verification Acceptance
Review (VAR). In the case of a reflight, only differences
between this flight and the previous flight should be identified
and di scussed.

1.

si ar

| NTRODUCTI ON

Provide a general description of the Cargo El enent (CE)
structure, including any reflown hardware. Clearly identify
all conposites, bonded, beryllium or shatterable materials.
Provi de a conparison of the neasured wei ght and center of
gravity (CG as conpared to the math nodel that was anal yzed
in the Verification Loads Anal ysis (VLA).

MATH MODEL VERI FI CATI ON

IT the subject was not conpletely addressed at the Pre-
Verification Loads Review (PVLR) or additional work has been
done, describe the dynam c and static nath nodel verification
testing and final correlation results. Ildentify al

di fferences between the final math nodel and the nmath node
that was used in the VLA. Provide an assessnent of what each
di fference neans to the Orbiter interface. |If the final math
nodel verification occurred after the VADAR, provide an
assessment of the differences between the VLA and final math
nodels. If the final nath nodel verification is still to
occur, a detailed schedule for this activity nust be
presented along with a plan for assessing the differences

bet ween the VLA and the final math nodels.

STRENGIH VERI FI CATI ON TESTI NG

Descri be any strength testing that was not addressed at the
PVLR. Conpare the test |load levels to the final verification
| oads and show how conpliance with the |atest version of NSTS
14046, Payl oad Verification Requirenents, was achieved. |If
additional strength testing will be perforned, provide a
detai |l ed schedul e and assessnent plan.

SUMVARY OF VERI FI CATI ON LQOADS

Sunmari ze the [ oads environnents that were evaluated in the
strength assessnment including lift-off and | andi ng

transi ents; vibroacoustic, ascent, descent, and on-orbit

quasi -static cases; friction; thermal; Obital Maneuveri ng
System (OM5) or Reaction Control System (RCS) firings; Renote
Mani pul at or System (RMS) operations; Extravehicular Activity
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(EVA) crew induced | oads; etc. Address the effect of the

O biter vent inpingenent pressure environnent and the failed
opened Orbiter vent door contingency on the CE. For each
referenced environnent, specify the source of that

envi ronnment. List each uncertainty factor and how it was

i ncorporated into the assessnent.

STRUCTURAL ASSESSMENT

Descri be how the final structural certification with the VLA
results was acconplished, (e.g., new stress anal yses,
conparison to design | oads, conparison to test allowable

| oads). Indicate whether worst case or tine consistent |oads
and whether | oad factors or internal elenent |oads were used.
Provide a summary Margins of Safety Table for the primry
structure and subsystens. Provide a table show ng the
structural life assessnent of the primary and secondary
structure. ldentify material, critical |oad case, failure
node, and factor of safety (yield or ultimate) for each
margin. Additional itens that nmust be eval uated include the
effects of Orbiter cargo bay vent inpingenent on the CE and
the restow capability of a CE that nust be returned for

| andi ng.
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APPENDI X K
STRUCTURES WORKI NG GROUP AND STRUCTURAL CERTI FI CATI ON

Ref erence JSC Meno ES42-90-30M dated April 1990, Structural
Certification of Space Shuttle Payl oads.

The above referenced Lyndon B. Johnson Space Center (JSC) Meno
was witten due to the confusion that Cargo El enment (CE)

Devel opers had concerning the process for conplying with the
Space Shuttle Program (SSP) structural verification requirenents.
It discusses the Structures Wrking Group’s (SW5 expectations of
the CE developers in the certification/validation process and
descri bes the neetings, reviews, and data submittals that are
required as part of that process. The following text follows the
JSC Meno approach but has been revised to reflect today’' s

requi renents and expectations.

The following Iist of neetings, reviews, and data submttals,
whi ch require the support of the CE devel oper, is provided to
assi st the developer in conplying with the SSP and SWG

requi renents. The list is in somewhat sequential order.

Al t hough not all itenms will apply to all CEs, the list will be
applicable to nost primary and secondary CEs. For uni que cases,
the SWG nay require additional information, docunentation and/or
testing. Al Structural Verification Plans (SVPs), test plans,
correlation reports, etc., shall be submtted directly to the SSP
and the SWG for review and approval. Submittals that are

i ncluded within design review docunentation, safety packages, or
that are submitted to other entities will not be considered as
satisfying NSTS 14046 structural verification requirenents.

VEETI NGS_AND REVI EW6

1. The CE devel oper shoul d support the Payload Integration Plan
(PIP) or Mssion Integration Plan (MP) review neetings(s) to
negotiate the structurally related sections of the PIP or
M P. The inportant structures sections are 5.1, 6.1, 15, and
16.

2. The CE developer will performa review of the CE SVP with the
SWG  The purpose of this reviewis to determ ne whether the
SVP neets the requirenents of NSTS 14046 and this docunent.
For sinple or reflown CEs, the required informati on nmay be
submtted in report or view chart format.
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I ssues will be resolved via a teleconference. For a new CE
it is desirable to have a face-to-face neeting. This can be
acconplished as a splinter to a PIP or MP neeting or a
Flight Safety Review. A prelimnary review w |l occur by the
Phase 0 Safety Review or CE Prelimnary Design Review (PDR).
The final nutually agreed to witten SVP will be submtted by
the Phase 1 Safety Review or CE Critical Design Review (CDR).
The detailed information that should be provided in the SVP

i s descri bed under the Docunentation headi ng.

3. For those CEs, payloads or conponents for which random
vi bration and/or acoustic |oads are expected to be a
significant source of |oading and/or resulting deflections,
the SVP and all dynam c structural docunents (e.g., dynamc
test plans, dynamc nodel correlation report, etc.) shal
i nclude the appropriate data for those dynam c | oads and
defl ections as well as the standard | ow frequency transient
data. See NASA STD- 7001 for the applicable acoustic and
random vi bration test criteria. In the subsequent
par agr aphs, “dynam c¢” includes | ow frequency transient,
random vi bration and acoustics.

4. The CE devel oper is responsible for the submttal of
strength/static and dynam c structural test plans for review
by the SWa. The test plans nust be submtted at |east 2
nmonths prior to the tests to allow the SW5 sufficient tine to
review the plans and the CE devel oper tine to incorporate any
suggested changes. The information which should be provided
in the strength/static math nodel verification test plan and
in the dynam c math nodel verification test plan are
descri bed under the Docunentation headi ng.

5. The CE developer will submt strength and dynami c test
results and nodel correlation reports. The dynam c test
results and nodel correlation report nmust be submtted far
enough in advance of the Pre-Verification Loads Review (PVLR)
to allow sufficient tine for SWs corments to be addressed.
The SWG initial review of the test results will take about 4
weeks. The SWG may require follow up discussions with the CE
devel oper and additional data submttals. Further anal yses
may al so be required to investigate nodel uncertainties in
the event that the tests were not conpletely successful. If
the dynam c nodel correlation does not conply with the NSTS
14046 specified correlation criteria, the SWs may assign a
nodel uncertainty factor (UF) that nust be used in al
subsequent structural analyses. The SWG can also reject the
nodel .
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6. The CE developer will submt the | atest CE design | oads cycle
report per the m ssion-unique VLA schedule or the Appendix C
VLA tenplate if a m ssion-uni que schedul e has not been
publ i shed.

7. The CE devel oper shall support the SSP's Orbiter
conpatibility assessnent as described in Appendix F. The
goal is to assess the Obiter’s capability to neet CE
structural interface requirenents. The assessnent covers
Obiter/CE interface | oads, deflections, and clearances. The
assessnment i s based on data submtted in the CE design | oads
report.

8. The CE devel oper shall support the PVLR At this neeting,
the CE devel oper is required to present an overview of the CE
structural dynam c math nodel and its verification. The
devel oper nust define any uni que anal ysis and/or output data
requirenents fromthe VLA (e.g., load transformation matrices
and conponent accelerations) to support structura
certification of the CE. See Appendix H for details of the
presentation that should be presented at the PVLR

9. The CE developer will submt the test verified CE dynamc
mat h nodel (or nodels) according to the requirenents of this
docunent and NSTS 14046. USA will establish the math nodel
delivery schedule which wll be published in nmenos and
electronic mail as well as being avail able through the SSP
Structures Home Page. The generic CE math nodel VLA delivery
schedule is listed in Table G 1 of Appendix C.

10. The CE devel oper may be required to submt a formal stress
anal ysis or portions thereof. It may be necessary for the
SWG to review the CE structural analysis prior to approving
the hardware certification. This review would be necessary,
for exanple, for CEs that are not bei ng devel oped under
contract, or the sponsorship, of one of the NASA centers.

11. The CE devel oper will support the Verification Acceptance
Review (VAR). The purpose of this neeting is to review the
CE structural certification based on the results of the
Verification Loads Analysis. See Appendix J for details of
the presentation that shall be presented at the VAR

In addition to the above neetings, the CE devel oper is also
required to support Interface Control Docunent (I1CD) neetings and
the Flight Safety Reviews. NSTS 13830, “Inplenentation
Procedures for NSTS Payl oads System Safety Requirenments,” lists
the structural information that nust be included in the Safety
Dat a Packages.
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DOCUMENTATI ON REQUI REMENTS

The follow ng descri bed docunents are required to be submtted to
the SWG and/or the SSP as part of the CE structural verification
and certification process.

1. Structural Verification Plan (SVP)

The follow ng information shall be provided in the CE SVP:

a.

Brief description and sketches of CE structure. |Include
information on materials and any nonstandard
manuf act uri ng processes.

Proposed nethod for strength verification based on the
options defined in the |atest version of NSTS 14046.

I ncl ude proposed factors of safety, stress analysis

met hodol ogy (i.e., hand or conputer analysis),
verification approach for the finite el enent nodel that
will be used for stress cal culations, and the proposed
strength testing.

Description of special materials (e.g., conposites,
beryl1um and gl ass) and the correspondi ng speci a
measures which wll be taken to verify their strength
according to the NSTS 14046 requirenents.

Materi al all owabl es which will be used for the strength
anal ysi s.

Derivation of design |oads for primary structure,
secondary structure, and conponents or experinents.
Include thermal, friction, acoustic, random vibration,
energency | anding, and on-orbit loads if applicable.
Descri be pl anned coupl ed and quasi-static | oads anal yses
to support the design cycle. ldentify UFs to be used in
t he design cycle.

Proposed nethod for dynami c math nodel verification

Sunmary and schedul e of all | oads and stress anal yses,
pl anned tests (includes strength, pressure, dynamc,
random vi bration, and acoustic tests), and math nodel
correlation activities.
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h. Description and sketches of all portions of the CE that
may have cl earances to Orbiter hardware of less than 3
i nches static and/or 1.0-inch dynam c. Describe what
speci al neasures will be taken to verify these itens
defl ecti ons and dynam c notion. These special mneasures
could include instrunentation of close-clearance points
in the testing, the addition of |ocal nodes of the
cl ose-cl earance points in the nodal testing target node
set or other such procedures. Describe how the process
described in Appendix Qw Il be inplenmented for each
cl ose cl earance point.

2. Strength/Static Verification Test Plan

The follow ng information shall be included in the CE strength/
static verification test plan:

a. Description and sketches of the CE structure,
identification of materials that are used, and a
descri ption of any nonstandard manufacturing processes
that are used.

b. Conparison of the test article, including boundary
conditions, to the flight article. Explain and provide
justification as to why any differences are acceptable
for static testing.

c. Describe the derivation of the static test | oads and
their conparison to the design/flight |oads.

d. Description and sketches of test set-up, including |oad
application techniques, |oad magni tudes and | ocati ons,
instrunmentation |ayout, and data recordi ng system

e. Provide the pretest analysis for deflections, interna
| oads and stresses of the test configuration to predict
critical deflections, and stress regions for test
measur enent | ocati ons.

f. Planned correlation analysis to verify the static math
nodel .

3. Dynamc Verification Test Plan

For the purposes of this test plan and the Dynam c Test and Math
Model Correlation Report that follows, the term“dynam c”

i ncludes | ow frequency transient, random vibrati on and acousti cs.
The follow ng information shall be included in the CE dynamc
verification test plan:
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a. Description of test article in relation to the flight
article. Include summary of dummy masses and conponents
that will not be included in test.

b. Conparison of test and flight article nass properties
c. Description and sketches of test set-up including:

(1) Description and sketches of the instrunentation
| ocation on the test article and test fixture.

(2) Description of and rationale for selection of
excitation nethod, |evels, and application points.

d. Description of test article boundary conditions.

(1) For the test article support structure, provide
evi dence that the support structure does not
participate in the test frequency range.

O herwi se, describe how a “test verified” nodel of
t he support structure will be obtained, as well as
how it will be instrumented during the CE nodal
test.

(2) For “free-free” test, describe howthe interface
nodes wll be verified. Describe the suspension
system and predi cted suspensi on nodes.

e. Summary of steps which will be taken to investigate
linearity.

f. Derivation of test specinmen math nodel which will be
used for correl ation anal ysis.

g. Summary of pretest analysis and results including:

(1) ldentification of the target nodes and the
rationale for their selection.

(2) Description and plots of the target node shapes.

(3) Assessnent of the test fixture/test article
interaction including work done in correlating the
test fixture itself.

(4) Comparison of the test article nodes installed in
the test fixture with the flight article nodes.

(5) Evaluation of the instrunmentation |ocations
i ncluding a conparison of the full nodel nodes to
t he nodes fromthe nodel reduced to the
instrunentation |ocations (cross-orthogonality
conpari son).

h. Description of the planned correlation analysis.
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4. Dynam c Test and Math Moddel Correl ation Report

The follow ng information shall be included in the CE dynamc
mat h nodel correlation report:

a. A conplete summary of the test results, including:

(1) Description and plots of neasured nodes, including
aut o-ort hogonal ity cal cul ati ons.

(2) Othogonality checks between the test node shapes
and anal ytically derived nodes.

(3) OQutcone of linearity checks with sanple plots of
reciprocity and/or response to varying force
| evel s.

(4) D scussions of problens encountered during testing,
changes made to test set-up, and updates to the
target node set.

b. A description of the changes nade to the math nodel for
correl ation purposes.

c. Conparisons of neasured nodes to updated math node
results, including:

(1) Frequency data conpari sons.

(2) Qualitative conparisons such as side-by-side plots,
conput er ani mations, spike plots, or others as
appropri ate.

(3) Quantitative conparisons such as cross-
orthogonality, Mdal Assurance Criteria, strain
energy, effective mass, nodal superposition
anal ysis, and others as appropriate.

(4) Conparison of trunnion stiffnesses to those
measured in the static test, if available.

O herwi se, this conparison should be included in
the Static Test Report.

d. Description, data, and plots to support the usage of a
uni que danpi ng schedule for the CE, if planned to be
used in the VLA

5. Static Test and Strength Math Model Correl ati on Report

The followng information shall be included in the Static Test
and Strength math nodel correlation report:

a. A conplete summary of the test results, including:

(1) Description and plots of nmeasured defl ections and
stresses
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(2) Qutcone of linearity checks with sanple plots due
to varying force |evels

(3) D scussions of problens encountered during testing
and changes nade to the test set-up

A description of the changes made to the math nodel for
correl ati on purposes.

Conpari sons of neasured deflections and stresses to the
updated math nodel results denonstrating that the
updat ed mat h nodel can accurately predict critica

defl ections, internal |oads, and stresses.

Conparison of the test load levels to the fina
verification | oads and show how conpliance with NSTS
14046 was achi eved.

Static correlation of the dynam c math nodel trunnion
stiffnesses to the neasured val ues.

Conpari son of neasured to updated math nodel results for
each CE close cl earance point where neasured during
testing.
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APPENDI X L
COUPLED LOADS ANALYSI S SYSTEM DAMPI NG

Thi s appendi x defines the anal ytical treatnment of Space Shuttle
Vehi cl e/ Cargo El enent (SSV/I CE) system danping that will generally
be used in the CE design coupled | oad anal yses and in the
Verification Loads Analysis (VLA).

It should be noted that the danpi ng phenonenon is very conpl ex
(and probably highly nonlinear). Detailed nodeling of such a
conpl ex process is not practical. Instead, danping is
approxi mat ed through anal ytical assunptions. Hopefully, a
nmeasure of the conservatism of these assunptions can be supported
by the CE dynam c test results. However, the analytical system
danpi ng assunption that is generally used is nade at the

SSV/ CE(s) system nodal l|evel, a level at which no danping test
data has ever been obt ai ned.

The standard Space Station Program (SSP) anal ytical practice for
danpi ng has been to enpl oy D agonal System Danping (DSD) which is
defined at the free-free SSV/CE system nodal |evel. Danping is
defined as “percent of critical” with each system nodel degree of
freedom (DOF) being assigned a 2{w danpi ng val ue, where { is the
system | evel percent critical danping value (e.g., { =0.011is
one percent of critical) and o is the pertinent eigenval ue
square root.

The CE devel oper is responsible for nmaking a technical assessnent
as to whether the anal ytical danmping assunptions that are used in
the CE coupl ed design | oads anal yses and the VLA result in
conservative CE | oad anal yses. For exanple, sone CE component
nodes coul d be neasured in nodal testing that denonstrate very

| ow danping (e.g., ¢ = 0.0025 or one quarter of a percent
critical). Conversely, the CE devel oper nmay wi sh to take

advant age of the nmeasured higher damping (e.g., { = 0.05) for
sonme specific nodes. 1In all cases, the CE devel oper should

di scuss the CE danping, relative to the general analytical
assunptions, with the SWs and be prepared to di scuss the subject
at the PVLR

Liftoff System Danpi ng

Unl ess uni que danping is required for a given CE(s), DSD will be
applied to the SSV/CE(s) system nodes. DSD for a liftoff
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analysis is defined as one percent of critical danping for system
nodes up to 10 Hz and two percent of critical danping for system
nodes above 10 Hz.

Landi ng System Danpi ng

Unl ess uni que danping is required for a given CE(s), DSD wll be
applied to the SSV/ CE(s) system nodes. DSD for a | anding
analysis is defined as one percent of critical danmping for al
syst em nodes.

On-orbit System Danpi ng

s required for a given CE(s), one percent

Unl ess uni que danpi ng
|1 be used unless otherw se specified by the

of critical DSD sha
SWG,

Conponent Speci fi c Danpi ng

If it is necessary to apply unique danping to a given CE(s), this
uni que danping will be transfornmed up to the SSV/ CE(s) system
nodal |evel using the Triple Matrix Product (TMP) procedure. DSD
danping will be applied to the remai ni ng SSV/ CE(s) system nodes
and also transfornmed up to the entire SSV/ CE system nodal | evel
via TMP. The two resulting system|level danping matrices wll be
conbi ned (added) at the system nodal level. Al off-diagonal
terms in the resulting systemdanping will be retained in al
transi ent analyses. This procedure will result in a set of
coupl ed system equati ons which requires the use of a nore
conputationally intensive solution nethod. Sone of these nethods
(if not nost) do not converge as rapidly (versus integration tine
step size) and will therefore require convergence testing.

Note: It is inportant to understand that assignnment of 1 percent
critical danmping at the CE nodal level is not equivalent
to assignment of 1 percent critical danping at the
SSV/ CE(s) system nodal |evel. The danping assunptions are
different and will, to sone extent, result in different
anal ytical transient response levels. Although SSV/ CE
systens are treated as lightly danped (1 percent to 2
percent being typical), the assunptions made in the
danpi ng definition can have significant inpact on the
anal ytical results.
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APPENDI X M

SSV STRUCTURAL MATH MODEL AND FORCI NG FUNCTI ONS
FORVAT REQUI REMENTS

STRUCTURAL MATH MODEL DATA FORVAT

Al'l structural math nodel matrices devel oped by the SC, for
transmittal to the CE custonmers, are witten in NASTRAN OQUTPUT4
format. This data is provided in ASCII format and all zero
matrix terns are explicitly witten (i.e., no packed natrices).

The QUTPUT4 format in terns of FORTRAN formatted 1/ O, where the
matrix data is witten by colums, is as follows:

Recor d For mat Dat a
1 (16, 2A4) | HD, NAME1
2 (316) NR, NC, NT

3 (12X, 1P5D24.16) | (A(J), J=1, NR)

Repeat for each data bl ock.

(16, 2A4) HD, NANMEN
(31 6) NR, NC, NT
(12X, 1P5DR4.16) | (A(Jd), J=1, NR
LAST (16) TEND
Where: | HD -111

NAVEL Ei ght Character Data Bl ock Nane of
First Matrix

NANVEN Ei ght Character Data Bl ock Nane of
the Nth Matrix

NR Nunber of Rows
NC Nunber of Col unms
NT Matri x Form

1 - Square

2 - Rectangul ar
3 - Symetric
| END -999 (write once after the last data
bl ock)
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Matri x descriptions (i.e. DOF maps) which provide grid nunber,
coordinate, and DOF information for each matrix can be read with
a (25A4) format.

Quasi-static orbiter deflection data is provided as card i mage
data. The standard data format is as follows:

Header cards with condition nunber (20A4)
Defl ection data cards (18,6F12.8) (Node No., Dx, Dy, Dz,
Rx, Ry, Rz)

Units: Dx, Dy, Dz in inches
Rx, Ry, Rz, in Radians

An optional format for the devel opment of quasi-static deflection
data i s NASTRAN QUTPUT4. This format is avail abl e upon request.

FORCI NG FUNCTI ONS DATA FORNMAT

The lift-off and | anding forcing functions are provided by the SC
in a NASTRAN DLOAD format. This format involves four types of
data cards: DLOAD, TLOADl1l, DAREA, DELAY (lift-off only), and
TABLED1. The forcing function is depicted as a dynam c | oadi ng
consisting of a linear conbination of force tine histories.

Not e, the DELAY card, contained in all 12 CLOL0O00 series lift-off
forcing functions, has not been utilized in any previous Shuttle
lift-off or landing forcing functions.

The DLOAD card is the entry point for the forcing function. It
can be referenced by a “set identification nunber” (SID). The
DLOAD card provides an overall scale factor (S) to the forcing
function as well as identifying each of the tine histories with a
“l oad set identification nunber” (L;) and applying a separate
scale factor (S;) to each tinme history. Each S references a
separate TLOADL1 card.

Each TLOADL card has it’s own “set identification nunber” (SID)
which refers back to an individual Li on the DLOAD card. Each
TLOAD1 card contains an identification nunber (L) for a DAREA
card, an identification nunber (M for a DELAY card, and an
identification nunber (TF) for a TABLEDl card.

Each DAREA card has a SID, which refers back to one specific
TLOADL1 card. Each DAREA card al so specifies which grid (P) and
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DOF (C) the particular force tine history is to act on. Each
DAREA card al so supplies an additional factor (A) for each tine
hi story.

Each DELAY card has a SID, which refers back to one specific
TLOAD1 card. Each DELAY card supplies an additional factor ()
which alters the input to the tabular function F(t-t), supplied
by the TABLEDl card.

Each TABLED1 card contains a “table identification nunber” (ID)
whi ch refers back to a specific TLOADL card, and a description of
a force tine history (F(t)). This description consists of pairs
of data (X, Yi) which represent select tine values (X) and
correspondi ng force values (Y;) of the particular force tine

hi story.

The above di scussion can be summuari zed as foll ows:

Equat i on For ci ngFunction = SZ[Si *A* OF(t)]
Car ds DLOAD DAREA TABLED1

A description of each data card, which was paraphrased fromthe
NASTRAN User’s Manual, is provided below. The data on these
cards are all formatted in fields of 8 characters with the
exception of the data presented in the DLOAD card, which is in
fields of 16 characters.

| NPUT DATA CARD DLOAD Dynam c Load Conbination (Superposition)

Descri ption: Defines a dynam c | oading condition for
transi ent response problens as a |inear
conbi nati on of |oad sets defined TLOADL cards.
Format and Exanpl e:
1 2 3 4 5 6
DLOAD SID S S1 L1 +abc
DLOAD 17 1.0 .01 1 +A
+abc S2 L2 - etc. -
+A 2.0 2
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Field Content s
SID Load set identification nunber (Integer > 0)
S Scal e Factor (Real)

S Scal e Factors (Real)

L; Load set identification nunbers defined via TLOADL
card (I nteger > 0)

Renmar ks: 1. The load vector being defined by this card is
gi ven by

PI=S2.S{R:}

| NPUT DATA CARD TLOADL Transient Response Dynam c Load

Descri ption: Defines a tinme-dependent dynam c | oad of the
form

{P(t)} = {A*F(z);

for use in transient response probl ens.

Format and Exanpl e:

1 2 3 4 5 6 7 8 9 10
TLOAD1 SID L M TF
TLOAD1 5 7 9 13
Field Contents
SID Set identification nunber (Integer > 0)
L I dentification nunber of DAREA card set which

defines A (Integer > 0)

M I dentification nunber of DELAY card set which
defines 1t (Integer > 0)

TF I dentification nunber of TABLED1 card which gives
F(<) (Integer > 0)
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| NPUT DATA CARD

Descri ption:

DAREA Dynam c Load Scal e Fact or

This card is used in conjunction with the
TLOAD1 data cards and defines the point where
the dynamic load is to be applied with the
scale (area) factor A

Format and Exanpl e:

1 2 3 4 5 6 7 8 9 10
DAREA SID P C A
DAREA 3 6 2 8.2
Field Contents
SID I dentification nunber of DAREA set (Integer > 0)

Gid or scalar point identification nunber
(I nteger > 0)

Conmponent nunber (1-6 for grid point)

Scal e (area) factor A for the designated coordi nate
(Real)

| NPUT DATA CARD

Descri ption:

DELAY Dynam ¢ Load Ti ne Del ay

This card is used in conjunction with the
TLOADL data cards and defines the tine del ay
term t in the equations of the | oading
function.

Format and Exanpl e:

1 2 3 4 5 6 7 8 9 10
DELAY SI D P C T
DELAY 5 21 6 4. 25
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Field

SID

C
T

Contents
I dentification nunber of DELAY set (Integer > 0)

Gid or scalar point identification nunber
(I nteger > 0)

Conponent nunber (1-6 for grid point)

Time delay t for the designated coordi nate (Real)

| NPUT DATA CARD TABLED1 Dynam ¢ Load Tabul ar Function

Descri ption: Defines a tabular function for use in

generating tinme-dependent dynam c | oads.

For mat and Exanpl e:

1

TABLED
1

+abc

TABLED
1

32

+ABC

+abc

X1

Y1 X2 Y2 X3 Y3 Xa Ya

+ABC

-3.0 6.9 2.0 5.6 3.0 5.6 ENDT

Field

Xi, Y,

Remar ks:

siar REV B

Contents
Tabl e identification nunber (lInteger > 0)
Tabul ar entries (Real)

1. The end of the table is indicated by the existence
of the string "ENDT" in either of the two fields
following the last entry.

2. Each TABLED1 menonic infers the use of a specific
al gorithmwhere X represents a tine val ue
(seconds) and Y; a force value (transl ati ons=lb.
nonents=in-lb.) The table |ook-up is perforned
using linear interpolation within the table and
| i near extrapol ati on outside the table using the
| ast two end points at the appropriate table end.
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APPENDI X N

VERI FI CATI ON LOADS ANALYSI S DATA PRODUCTS FORMAT REQUI REMENTS

1.

si ar

Verification Loads Analysis (VLA) Data Products Format
Requi rements for Data Dunp

1.1. Transient anal ysis output

1.

1.1.1.

e

e

N o O A

Maxi mund m ni num search of orbiter/Cargo El ement
(CE) interface |oads and rel ative displacenents.
Time history avail abl e upon request (File
Transfer Protocol (FTP) or on tape).

Maxi mund m ni mrum search of relative displacenents
at selected points. Obiter-to-CE and/ or CE-to-
CE. Time history avail abl e upon request (FTP or
on tape).

Maxi munm m ni nrum search of net |oad factors for
each CE. Tinme history avail abl e upon request (FTP
or on tape).

Maxi mund m ni mrum sear ch of CE CQut put
Transformation Matrix (OTM recoveries.

CE 90-i nch dynam c envel ope assessnent results
avai | abl e upon request

CE generalized responses avail abl e upon request
(FTP or on tape).

Qut put data by special request.

Al'l  m ni mum maxi num sear ches shoul d be Text
format with carriage control (a typical output is
attached to this Appendix). Al time histories
and generalized responses should be in COSM C
NASTRAN OQUTPUT4 format (see below in Sec. 1.3).

2. Quasi-static anal ysis output

1.2. 1.

1.

e
N ONON NN
N o0 A~

REV B

2.

2.

Maxi munmd m ni nrum search of CE/Orbiter interface

| oads and rel ative displacenents.

Maxi mund m ni mrum search of relative displacenents
at sel ected points.

Maxi munmd m ni num search of CE OTM recoveri es.

CE 90-i nch radi us thernal/dynam c envel ope
assessnent upon request.

Qut put data by special request.

CE case consistent data is avail abl e upon request
(FTP or tape).

Al'l  m ni mum maxi num sear ches shoul d be Text
format with carriage control
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1.3. The QUTPUT4 format in terns of FORTRAN formatti ng where
the matrix data is witten by colums foll ows:

Recor d For mat Dat a
1 (16, 2A4) | HD, NAME1
2 (316) NR, NC, NT

3 (12X, 1P5D24.16) | (A(J), J=1, NR)

Repeat for each data bl ock

(16, 2A4) HD, NANVEN
(31 6) NR, NC, NT
(12X, 1P5DR4.16) | (A(Jd), J=1, NR
LAST (16) TEND
Where: | HD -111

NAVEL Ei ght Character Data Bl ock Nane of
First Matrix

NANVEN Ei ght Character Data Bl ock Nane of
the Nth Matrix

NR Nunber of Rows
NC Nunber of Col unms
NT Matri x Form

1 - Square

2 - Rectangul ar
3 - Symetric
| END -999 (write once after the last data
bl ock)

1.4. All data will be available in Support Contractor (SC
FTP server on or before the schedul ed data dunp date.
Data m ght be made avail able in specific FTP address
upon request.

2. VLA Data Products Format Requirenment for Docunentation
2.1. VLA docunentation should docunent the follow ng:
2.1.1. Space Transportation System (STS) nath nodel s and
matri x maps, description of liftoff and | anding
forcing functions.

2.1.2. CE math nodels, CE weight CG and attachnent
i nformation.
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Met hodol ogy of transient and quasi-static

anal yses.

Detail description of quasi-static unconbi ned and
conbi ned cases, | oad condition nunbering system
flight regime map.

Orbiter capability assessnent results, including
cl earance assessments.

Payl oad integration and orbiter hardware
assessnent results.

M ni mun? mexi nrum search data for all interface

| oads, rel ative displacenents and net | oad
factors.

2.2. The docunentation shall be in Portabl e Docunent For mat

( PDF),

and will be |oaded into the USA Wb site in the

near future.

Al ternative VLA Data Products Formats can be negoti ated

bet ween the CE Devel oper and the Space Shuttle Program ( SSP)
These nust be negoti ated, agreed to, and docunented prior to
the Verification Analysis Data Acceptability Review (VADAR).
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Table N1 [1US/ ORBI TER I/ F LOADS
STS-93 Verification Loads Anal ysis

Max/ M n Search of Liftoff Transient SUBCASE 1
TI MVE SECONDS
FORCE LBS
..... MI NI MUM..... ... MAXI MUM.... .. ABSOLUTE....
DESCRI PTI ON VALUE TI ME CASEI D VALUE TI ME CASEI D VALUE TI ME CASEI D
1 IF LD I US/ AXAF X=1116.2 Y= 094.0 -2753.483 7.008 |r5156v 1304.854 6.966 |r5123v 2753.483 7.008 |Ir5156v
Z=414.0 X DR
2 |F LD | US/ AXAF X=1116.2 Y= 94.0 -7852.603 8.130 Ir5188v 14282.811 7.564 |r5274v 14282.811 7.564 |1r5274v
Z=414.0 Z DR
3 |F LD | US/ AXAF X=1210.6 Y= 94.0 -74748.837 7.246 1r5178v -1847.478 7.248 |r5194v 74748.837 7.246 |1r5178v
Z=414.0 X DR
4 |F LD | US/ AXAF X=1210.6 Y= 94.0 -8726.410 8.316 |r5084v 4955. 770 8.653 1r5194v 8726.410 8.316 |r5084v
Z=414.0 Z DR
5 |F LD | US/ AXAF X=1220.4 Y= 091.1 -0.018 7.154 |r5156v 0.055 7.286 1r5138v 0.055 7.286 1r5138v
Z=408.2 Y DR
6 |F LD | US/ AXAF X=1271.6 Y= 91.1 -3884.594 7.208 |Ir5123v 2541.535 7.290 1r5123v 3884.594 7.208 1r5123v
Z=408.2 Y DR
7 |F LD | US/ AXAF X=1281.4 Y= 94.0 -6751.824 8.334 |r5084v 4087.205 8.653 1r5194v 6751.824 8.334 |1r5084v
Z=414.0 Z DR
8 |F LD | US/ AXAF X=1116.2 Y= -94.0 -2946. 458 7.278 |r5156v 1553.682 7.302 Ir5156v 2946. 458 7.278 |Ir5156v
Z=414.0 X DR
9 |F LD | US/ AXAF X=1116.2 Y= -94.0 -8529.101 8.016 |r5084v 15210. 733 7.342 |r5156v 15210. 733 7.342 | r5156v
Z=414.0 Z DR
10 | F LD | US/ AXAF X=1210.6 Y= -94.0 -74502.557 7.236 1r5123v -2009.957 3.596 |r5178v 74502.557 7.236 |1r5123v
Z=414.0 X DR
11 | F LD | US/ AXAF X=1210.6 Y= -94.0 -8712.610 8.372 Ir5129v 4336.016 8.614 1r5188v 8712.610 8.372 1r5129v
Z=414.0 Z DR
12 | F LD | US/ AXAF X=1220.4 Y= -91.1 -0.056 7.158 1r5194v 0.017 3.338 Ir5175v 0.056 7.158 Ir5194v
Z=408.2 Y DR
13 | F LD | US/ AXAF X=1271.6 Y= -91.1 -2385.566 8.370 |r5129v 4318.091 7.298 1r5194v 4318.091 7.298 1r5194v
Z=408.2 Y DR
14 |F LD | US/ AXAF X=1281.4 Y= -94.0 -6692.263 8.380 |Ir5129v 3687.491 8.614 1r5188v 6692. 263 8.380 Ir5129v
Z=414.0 Z DR
15 | F LD | US/ AXAF X=1116.2 Y= 0.0 -2697.021 7.222 |lr5156v 1409.713 7.246 |r5156v 2697.021 7.222 Ir5156v
Z=305.0 X DR
16 | F LD | US/ AXAF X=1116.2 Y= 0.0 -10099.884 7.532 Ir5129v 11775. 164 7.702 |r5156v 11775. 164 7.702 |r5156v

Z=305.0 Y DR
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DESCR

I PT

I ON

1 | F RD | US/ AXAF X=1116.2 Y=
Z=414.0 Y DR
2 | F RD | US/ AXAF
Z=414.0 RX DIR
3 | F RD | US/ AXAF
Z=414.0 RZ DR
4 | F RD | US/ AXAF
Z=414.0 Y DR
5 I F RD | US/ AXAF
Z=414.0 RX DIR
6 | F RD | US/ AXAF
Z=414.0 RZ DR
7 | F RD | US/ AXAF
Z=414.0 X DR
8 | F RD | US/ AXAF
Z=414.0 Y DR
9 |F RD | US/ AXAF
Z=414.0 RX DIR
10 I F RD | US/ AXAF
Z=414.0 RZ DR
11 I F RD | US/ AXAF
Z=414.0 Y DR
12 I F RD | US/ AXAF
Z=414.0 RX DIR
13 | F RD | US/ AXAF
Z=414.0 RZ DR
14 | F RD | US/ AXAF
Z=414.0 Y DR
15 | F RD | US/ AXAF

Z=414

RX DI R

0
16 | F RD | US/ AXAF
0

Z=414

si ar

RZ DI R

REV B

X=1116

X=1116

X=1210.

X=1210.

X=1210.

X=1281.

X=1281.

X=1281.

X=1281.

X=1116

X=1116

X=1116

X=1210.

X=1210.

X=1210.

.2 Y=

2 Y=

94

94

94

94

94

94

94

94

94

94

-94

-94

-94

-94

-94

-94

Tabl e N-2

|US/ORB |/ F REL. DI SPLACEMENTS

STS-93 Verification Loads Anal ysis
Max/ M n Search of Liftoff Transient
SECONDS
RD DIS I N OR RAD

Tl VE

0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -0
0 -1
0 -0
0 0

. M
VALUE
. 405
. 006
. 009
. 183
. 012
. 040
. 411
. 819
. 013
. 026
. 473
. 005
. 004
. 328
. 016

. 001

N

7

MUM

TI ME CASEI D

884

. 976

. 990

. 332

. 644

. 246

. 246

. 232

. 623

. 298

. 970

. 438

. 966

. 340

. 110

. 598

I r5194v
| r5084v
I r5123v
I r5194v
I r5194v
I r5178v
I r5178v
I r5123v
I r5188v
I r5138v
I r5129v
I r5120v
I r5123v
I r5129v
| r5084v

I r5178v

N-5

. 416

. 016

. 000

. 053

. 370

. 026

. 000

. 464

. 006

. 011

. 179

. 012

. 039

7

7

6

TI ME
. 244

. 218

966

. 554

. 503

. 250

. 495

. 320

. 376

. 252

. 718

. 968

. 168

. 334

. 647

. 236

MUM

CASEI D
| r5084v

I r5129v
I r5123v
I r5274v
I r5194v
I r5194v
I r5178v
I r5156v
I r5129v
I r5194v
I r5274v
I r5129v
| r5156v
I r5156v
I r5194v

I r5123v

0

0

0

SUBCASE 2

ABSOLUTE.....
VALUE

522

006

009

. 416

. 016

. 040

. 411

. 819

. 026

. 026

. 473

. 006

. 011

. 328

. 016

. 039

7

6

6

TI ME
. 244

. 976

990

. 554

. 503

. 246

. 246

. 232

. 376

. 298

. 970

. 968

. 168

. 340

. 110

. 236

CASEI D
| r5084v

| r5084v
I r5123v
I r5274v
I r5194v
I r5178v
I r5178v
I r5123v
I r5129v
I r5138v
I r5129v
I r5129v
| r5156v
I r5129v
| r5084v

I r5123v

01/19/01



Table N-3 | US- AXAF NET LOAD FACTORS
STS-93 Verification Loads Anal ysis

Max/ M n Search of Liftoff Transient SUBCASE 3
TI MVE SECONDS
NLF- 1 US COORD.
...... MI NI MUM...... e, MAXIT MUM...... ..... ABSOLUTE.....
DESCRI PTI ON VALUE TI ME CASEI D VALUE TI ME CASEI D VALUE TI ME CASEI D
1 NET X LOAD FACTOR- - ON | US/ AXAF GS 0. 152 7.248 |1 r5194v 3.032 7.338 1r5194v 3.032 7.338 1r5194v
2 NET Y LOAD FACTOR- - ON | US/ AXAF GS -0. 252 7.532 1r5129v 0.293 7.704 1r5129v 0. 293 7.704 1r5129v
3 NET Z LOAD FACTOR- - ON | US/ AXAF GS -0.796 8. 140 | r5084v 0.961 8.428 |Ir5120v 0. 961 8.428 1 r5120v
4 RX ANGULAR ACCELERATI ON RAD/ SEC2 -1.651 3.694 | r5178v 1.634 7.640 |r5218v 1.651 3.694 | r5178v
5 RY ANGULAR ACCELERATI ON RAD/ SEC2 -1.610 8. 647 |1 r5194v 1.306 7.094 |r5084v 1.610 8. 647 |1 r5194v
6 RZ ANGULAR ACCELERATI ON RAD/ SEC2 -0.800 11.000 Ir5123v 0.781 10.840 1r5123v 0.800 11.000 Ir5123v
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APPENDI X O

SSP LOADS | NDI CATOR VLA APPRCACH AND REQUI REMENTS

The Space Shuttle Program (SSP) Loads Indicator Verification
Loads Anal ysis (VLA) Approach perfornms several cycles of |oads
anal ysis and assessnents as conpared to the single cycle that is
described in Appendix C. The need to perform several cycles can
be due to poorly correlated math nodel s bei ng provi ded, cargo bay
mani f ests bei ng changed, weight and/or cg tol erances being
exceeded or other simlar reasons. The first cycle of the SSP
Loads Indicator VLA is very simlar to the standard VLA that is
described in Appendix C. The schedule for this first cycle may
differ fromthat presented in Appendix C. Al responses fromthe
first cycle will have a Manifest Uncertainty Factor (MJF) applied
which is in addition to any nodel Uncertainty Factors (UFs) that
are specified by the Structures Wirking G oup (SW5. The MJF
will be 1.10 for the liftoff and | anding transi ent anal ysis and
1.05 for all quasi-static analyses. Al Cargo El enment (CE)

devel opers wll be required to provide the best math nodel s
(preferably fully test verified) for the first cycle along with
extensive Qutput Transformation Matrices (OIMs) that includes al
CE critical itemresponses. The SSP and Support Contractor (SC
will utilize their best estinmate as regards to the final cargo
bay mani fest and Space Shuttle Vehicle (SSV) configuration. Al
standard VLA and CE requested outputs will be generated and
delivered to the CE developers for full assessnment. Results from
this assessnment will be reported at the Verification Acceptance
Revi ew (VAR) and any negative margins or issues resolved. The CE
devel opers are requested to contact the SSP and SC prior to
maki ng any hardware nodifications that are based on the first
cycle results. The SCwll collect the maxi muns and m ni nuns for
all VLA outputs (including the MJF and applicable UFs) in a

dat abase for |ater conparisons.

The second and any subsequent cycles will be conducted simlarly
to the first VLA cycle but on a nmuch reduced tinme schedule. Each
CE devel oper will be permtted to submt revised/ updated math
nodel s and OTMs. The OTMs that are resubmtted for the second
and subsequent cycles nust retain the initial cycle row order
with null rows included for itens that are no | onger recovered in
t he second or subsequent cycle. This sequencing is required in
order for the SC to conpare results fromthe new analysis to the
previous results. The CE devel oper can provide additional OTM
for those itens that were not previously supplied. New math
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nodels and OTMs (i.e., for CEs that were added to the flight

mani fest) will be accommpdated simlar to a standard VLA. The SC
will utilize the best-known cargo bay manifest and SSV
configuration for the subsequent cycles.

As soon as the VLA results are available, the SCwll develop a
conpari son tabl e between the previous and the current VLA results
for conparison purposes. The SC and CE devel opers will use this
conparison data as a tool to evaluate the current VLA results.
In general, if the results are within the previous VLA results,
no additional assessnent is required on the part of the CE

devel oper. For those itens in which the current results exceed
the previous VLA results, the CE devel oper shall perform an
assessnment and determ ne whether the results are acceptable or
not. A Final Acceptance Review (FAR) will be conducted prior to
| aunch during which the CE devel oper will present the results
fromhis assessnents. The FARis simlar to the previously held
VAR but only revised results are required to be presented and

di scussed. The SC will present simlar data for the Payl oad

I ntegration Hardware, O biter vehicle and other simlar itens.
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APPENDI X P

LOADS COMBI NATI ON EQUATI ON

The | oads conbi nati on equation is used to conbine | ocads from
different sources in a rational manner. The basic | oad

conbi nati on equation is included in NSTS 07700 Vol une X, Book 1
as paragraph 3.2.2.1.6 which is applicable for Orbiter hardware
and NSTS 14046, Payl oad Verification Requirenents, Revision E, as
paragraph 5.1.1.1 which is applicable for payl oads.

Factor of safety is defined in NSTS 1700. 7B as being: “The
factor by which the limt load is nmultiplied to obtain the
ultimate load. The Iimt load is the maxi num antici pated | oad or
conbi nati on of |oads, which a structure may be expected to
experience. The ultimate load is the |oad that a payl oad nust be
able to withstand without failure.” Thus the basic definition of
the factor of safety (i.e., K) is the ultimate load (i.e., Lut)
divided by the limt load (i.e., Liint)-

K = Lyt / Liinit (Equation P-l)

Mul tiple values of factors of safety are often used for space
vehicles to reflect the designers’ varying confidence in
different parts of the structure or for increased conservatism
when the vehicle is manned. Different factors are typically used
for flight and non-flight conditions. D fferent factors are
typically used depending on the scope of structural devel opnent,
qualification tests and the design service life.

Since there are various sources of |loads that are applied to a
flight vehicle (e.g., nechanical {which includes aerodynam c and
inertial}, thermal, pressure) a |oad conbination equation is
required to conbine the different sources of |loads in a rational
manner. The general formof the | oad conbination equation is:

Ke2 L = KyuylbLuy+ Ko Lp + Ky Lt (Equation P-2)

Where the Kterns are safety factors and the L terns are | oads.
The subscript definitions are:

E = Effective

M = Mechanical (e.g., inertial, aerodynamc, etc)
P = Pressure

T = Ther nal

> L = Summation of all | oads
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When conbi ning | oads, those | oad conponents that are relieving do

not have the full factor of safety applied. |In sone cases the
relieving factors of safety are set to zero while in others they
are set to 1.0. This wll be discussed in nore detail later.

NSTS 14046 specifies a mninmumeffective factor of safety (i.e.,
Kg) of 1. 40.

The nechanical factor of safety (i.e., Ky that is applied to the
mechanical load term(i.e., Ly is dependent on the type of
material that a part is nade out of, whether the itemw ]Il be
structurally tested or not, and whether the load is additive to
the | oad summation or relieving. |If the load is relieving, the
Ku factor is always set equal to 1.0. Table P-1 specifies the
ultimate Ky factors that are used by the SSP which are obtai ned
fromthe NASA STD 5001 docunent.

TABLE P-1
ULTI MATE MECHANI CAL FACTORS OF SAFETY
Mat eri al Test ed Not
Test ed
Standard Metallic 1.4 Note 1

(e.g., alum num
steel, etc.)

d ass 3.0 5.0
Non-netal lic for 1. 4M0te < Note 1
non-di scontinuity
ar eas
Non-netallic for 2.0 Note 1
di scontinuity
ar eas

Notes: 1. The SSP Structures Wrking Goup (SW5 w Il determne the
appropriate val ue based on the proposed usage.

2. The 1.4 value is applicable when a prototype verification approach
is being used. This value becones 1.5 when a protoflight
verification approach is used.

The thermal factor of safety (i.e., K;) values to be used are the
sanme as the nechanical factors of safety defined in Table P-1
However if the thermal load is relieving, the SSP specifies that
the Kr value to be used is 0.0. That is, no part of a relieving
thermal | oad can be used in the | oad conbi nati on equation to
reduce the | oad.

Usage of the pressure factor of safety term(i.e. Kp) is nore
conplex than for the other two terns. |If the pressure load is a
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relieving load, the Ko value that is to be used in the |oad
conmbi nation equation is 1.0. Several hardware conmponents have
uni que Kp val ues specified that shall be used in the | oad

conbi nati on equation. These values are shown in Table P-2. |If
an itemis not shown in Table P-2, then the Kp value that shall
be used is 1.5. The value is applied to the Maxi num Desi gn
Pressure (MDP), which is defined in NSTS 1700.7B as being “the
hi ghest pressure defined by maximumrelief pressure, maxinmm
regul ator pressure or nmaxi mumtenperature. Transient pressures
shal |l be considered. Where pressure regulators, relief devices,
and/or a thermal control system (e.g., heaters) are used to
control pressure, collectively they nust be two-fault tol erant
fromcausing the pressure to exceed the MDP of the system?”

TABLE P-2
ULTI MATE PRESSURE FACTORS OF SAFETY
Har dware |tem SSP Kp
Lines and fittings |ess 4.0
than 1.5 inches in
dianmeter and all flex
i nes
Lines and fittings greater 1.5
than 1.5 inches in
di anet er
Pressure vessel s and 2.0
reservoirs
Actuating cylinders, 2.5
val ves, filters, sw tches,
regul ators, sensors, |ine-
install ed bell ows and heat
pi pes
Doors, hatches and 2.0 Noted
personnel conpartnments
d ass 3.0
Not e: 1. “For manned pressurized conpartnents, the hull shall be designed

with an ultimate factor of safety of 2.0 applied to MDP and the
maxi mum negative pressure differential that the hull may be
subjected to during normal and contingency operations or as the
result of two credible failures.” From NSTS 1700. 7B

The process for using the | oads conbination equation (e.g.,
equation P-2) is as follows:
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1. Determne what material the part wll be nmade out of and
whet her the part will conply with structural testing
requi renents. Use the appropriate value from Table P-1 for
t he nmechani cal and thermal factors of safety values. For
non-tested hardware, the SSP requires that the SWG review the
i ntended application and specify the factors of safety val ues
to be used.

2. |If the nmechanical load is found to be relieving to the | oad
summati on, set the value of Kyto 1.0

3. If the thermal load is found to be relieving to the |oad
summati on, set the value of Ky to 0.0.

4. Determne if the part is one that is specified in Table P-2
that has uni que values for the Kp term If the part is
listed in Table P-2, use the specified value for Kp. If it
is not specified then use the value of 1.5 for Kp.

5. If the pressure load is found to be relieving to the | oad
sunmmati on, set the value of Kp to 1.0.

6. Determ ne other sources of |oads being induced into the
structure (e.g., manufacturing, latching, torquing) and
conmbine with the appropriate factors of safety. |If the |oad
is found to be relieving to the | oad summation, set the
factor of safety to zero.

7. Determne the effective factor of safety (i.e., Kg and
determine if it is greater than the SSP specified m ni mum
value of 1.4. Use Kg as calculated and the |inear summation
of the loads (i.e., X L) for hardware assessnment if Kgis
greater than 1.4. |If the Ke value is less than 1.4, then
recal cul ate the | oad summation termas foll ows:

ZL:(KMLM+ Ke Lp + Kt LT) (14)/KE (Equation P-3)

8. The load sunmation termis a “limt load” value and is to be
used for designing, assessing, verifying, etc., the
i ndi vi dual conponent item

9. The worst-case conbi ned | oads depend upon the magni tude and
direction of the conponent |oads. For case- and tine-
consi stent conditions, both the maxi mum positive | oad and the
maxi mum negati ve | oad shall be eval uated based on the
follow ng six possibilities:
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Le = Primary positive nechanical |load (e.g., tensile)

W th associ ated pressure and thernmal | oads.

Le = Primary negative nmechanical |oad (e.g., conpression)
W th associ ated pressure and thermal | oads.

Lp = Primary positive pressure load (e.g., tensile) with
associ at ed nechani cal and thermal | oads.

Lp = Primary negative pressure |load (e.g., conpression)
wi th associ ated nechani cal and thermal | oads.

Lt = Primary positive thermal load (e.g., tensile) with
associ ated pressure and nechani cal | oads.

L+ = Primary negative thermal (e.g., conpression) with
associ ated pressure and nechani cal | oads.

mm o o w P

Alternatively, a max-on-max, non-case consistent, non-time
consi stent maxi mum positive and maxi num negati ve | oad conditions
may be used to envel ope all |oad cases.

Ref er ences

P-1 NSTS 07700, Volune X - Book 1, Space Shuttle Flight and
G ound System Specification

P-2 NSTS 14046, Payload Verification Requirenents

P-3 NSTS 1700. 7B, Safety Policy and Requirenents for Payl oads
Usi ng the Space Transportation System

P-4 NASA- STD- 5001, Structural Design and Test Factors of Safety
for Spaceflight Hardware
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APPENDI X Q

SSP LATCHED CARGO ELEMENT TO ORBI TER CLEARANCE REQUI REMENTS

Cargo Elenents (CEs) are to remain within the 90-inch radius
thermal and dynam c envel ope while avoiding those areas where the
Orbiter intrudes into the envel ope as defined in Section 3.0 of

| CD 2-19001 and NSTS-21000-1DD-1SS. CE hardware itens that are
statically within 3 inches of the 90-inch radius thermal and
dynam c envel ope or wwthin 3 inches of any Orbiter intrusion into
the 90-inch radius thermal and dynam c envel ope are considered to
have the potential for dynamc interference with the Orbiter.
These itens require nonitoring in the design and Verification
Loads Anal ysis (VLA) cycles and shall be docunented in the Cargo
El ement (CE) unique Interface Control Docunent (I1CD) as described
in NSTS 37329.

The 1-inch m ni num dynam c cl earance requirenent addresses the
CE-to-Orbiter dynam c clearance during the liftoff, |anding and
quasi-static flight reginmes while the CEis latched within the
cargo bay. Al CE hardware itens that do not conply with the

m ni mrum 1-i nch dynam c cl earance requirenent shall be subject to
strict review and nonitoring by the SSP according to the

eval uation process described in Table Q1

In the event that the 1-inch m ninum dynam c cl earance is

viol ated, the SSP shall eval uate and accept, on a case-by-case
basis, a positive dynam c clearance provided it is verifiable.
The itens listed in Table Q1 detail the generic eval uation
process steps necessary to determne the mssion risk and verify
the dynam c cl earance. SSP approval of dynam c cl earances that
are less than the required 1-inch is based upon the thoroughness
and conpl eteness of the evaluation and verification process.
These activities are to be coordinated with the SSP Structures
Wrking Goup (SW5 as part of the structural verification
process as described in Appendi x K

Table Q1 details three categories of CE-to-Orbiter clearances
and the associ ated process steps required for their approval by
the SSP. The first case, shown in colum two, occurs when the
CE-to-Orbiter dynamc clearance is | ess than the required m ni num
of 1-inch. The CE may or may not be protrudi ng beyond the 90-
inch radius thermal and dynam c envel ope but is in very close
proximty to Obiter hardware. It is possible for this to occur
even when the CEis within the 90-inch radius thermal and dynam c
envel ope because the Obiter intrudes into the envel ope at

several locations as defined in Section 3.0 of ICD 2-19001 and
NSTS-21000- 1 DD-1SS.  Phot ographs of the cl ose cl earance hardware
shall be provided to the SSP.
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The second category, shown in columm three, addresses the
condition where the CE violates Section 3.0 of ICD 2-19001 and
NSTS- 21000- 1 DD- 1 SS by protrudi ng beyond the 90-inch radius
thermal and dynam c envel ope and the CE-to-Orbiter dynam c
clearance is greater than the mninumrequired 1-inch. By
protrudi ng beyond the 90-inch radius thermal and dynam c envel ope
the CEis in violation of ICD 2-19001 and NSTS-21000-1DD-1SS even
t hough the dynam c clearance is greater than the required m ni num
of 1-inch. A deviation (section 20) to the CE unique ICDis
required. Table Q1 lists the required activities for this

si tuation.

The last condition, shown in colum four of Table Q 1, occurs
when the CE is within the 90-inch radius thermal and dynam c
envel ope and the dynam c clearance with Obiter hardware is
greater than the mnimumrequired 1-inch. In this case, no
additional effort is required unless there are CE hardware itens
statically within 3 inches of the 90-inch radius thermal and
dynam c envel ope or wwthin 3 inches of any Orbiter intrusion into
the 90-inch radius thermal and dynam c envelope. In addition, CE
hardware itens that are known to be extrenely flexible, such as
an antenna or a solar panel, shall be nonitored according to
colum four as indicated by the footnote.
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TABLE Q 1

CLOSE CLEARANCE EVALUATI ON PROCESS

LESS THAN DYNAM C PROTRUSI ON BEYOND DYNAM C MOTI ON W THI N
1- I NCH 90- | NCH RADI US ENVELOPE 90 | NCH RADI US ENVELOPE
DYNAM C AND AND
ACTIVITY NMATRI X CLEARANCE GREATER THAN 1-1 NCH GREATER THAN 1-1 NCH
DYNAM C CLEARANCE DYNAM C CLEARANCE
( HARDWARE
TO (HARDWARE TO HARDWARE) (HARDWARE TO HARDWARE)
HARDWARE)
1. CE devel oper shall include definition of Requi r ed N A N A
all CE close clearance points in
Structural Verification Plan (SVP)
e This activity requires the CE
devel oper to identify all close
cl earance points in the CE SVP and to
take the steps necessary to ensure the
accuracy of the local deflections
obtai ned from coupl ed and quasi-static
| oads anal yses. Accurate CE
deflections are critical in assessing
the risk and acceptability of close
cl ear ances.
2. CE devel oper shall provide “As Built” CE Requi r ed Requi r ed Requi r ed
CAD nodel

Requirenment to deliver “As-Built” CE
CAD nodel ensures that the CE CAD
nmodel reflects the CE flight hardware.
Envel opes may conservatively represent
some conponents but under no

circunst ances shall the CE flight

har dwar e protrude beyond the outer
mold line represented in the CE CAD
nmodel . Measurenents of the CE flight
hardware shall be perforned to ensure
that the “As-Built” CE CAD nodel
conplies with this standard.
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3.

CE devel oper shall include point-to-point
rel ative displacenment cal cul ations of the
CE hardware itens with cl ose cl earances
in the Design Loads Analysis (DLA).

e Point-to-point relative displacenent
cal cul ati ons provide the npst accurate
estimtes of the CE-to-Orbiter
relative nmotion. This requires the CE
devel oper to identify all close
cl earance points when requesting an
O biter math nodel so that the cl osest
avai |l abl e points can be retained in
the Orbiter math nodel

Requi r ed

(Note 1)

(Note 1)

SSP to performdelta cl earance
assessnments throughout the design and
manuf act uri ng processes.
e Delta clearance assessnents are
needed, for those areas with close
cl earances, as the specific hardware
mat ures. These cl earance updates wl|
provi de the SSP and CE devel oper with
the informati on needed to manage
potential clearance issues. The
assessments will be performed as new
data becones avail able. The CE
devel oper shall supply the appropriate
data to support this activity.

Requi r ed

(Note 1)

(Note 1)

CE devel oper shall denponstrate to the SSP
t hat adequate nmanufacturing controls are
in place to ensure that final assenbly is
wi t hi n docunmented tol erances.
e |nplenmentation of manufacturing
controls on CE hardware itens with
cl ose cl earances ensures that the CE
flight hardware is built wthin design
tol erances. The manufacturing control
pl an shall include internediate

Requi r ed

N A

N A
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e neasurenments and final measurenents of Requi r ed N A N A
the CE flight hardware. These
controls will provide an early warning
of manufacturing outside of the design
t ol erances.

6. SSP/BRSS to docunent close clearance in Requi r ed Requi r ed N A

CE uni que 1 CD

e Docunenting close clearances in the CE
uni que | CD represents an agreenent
bet ween the SSP and the CE devel oper
of the close clearance. This
agreement is contingent upon the CAD
nodel and DLA data provided by the CE
devel oper. |If new data is provided an
assessment is required in order to
verify that the close clearance is
still acceptable. The CE devel oper
nmust supply the appropriate data to
support this activity.

7. SSP and CE devel oper shall devel op joint Requi r ed N A N A
docunent ati on freezing | ocal
configuration of the CE. Requires joint
approval for any subsequent changes.

e \Wen cl ose cl earances exi st,
configuration control in the specific
areas of concern is required to ensure
that the cl earances are not reduced by
uncoor di nat ed har dware changes.

8. SSP to perform Orbiter nmeasurenents in Requi r ed N A N A

areas of concern

e This activity requires that O biter
speci fic neasurenents of the |oca
hardware of interest be obtained so
t hose cl earance assessnents are based
on Orbiter specific flight hardware
di nensi ons.
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9.

CE devel oper shall performinpact | oads

and safety assessnents.

e |npact | oads and safety assessnents
are required to define the m ssion
risks and the extent of the potenti al
damage/ hazards to the CE in the event
of contact. This information is
required in order to prioritize issue
resol uti on options.

Requi r ed

N A

N A

10.

CE devel oper shall provide “As Built” CE

CAD nodel - including specific

nmeasur enents of violating CE hardware

e Requirement that the specific CE
flight hardware itens with cl ose
cl earances are neasured ensures these
specific points will be reflected to a
hi gher degree of accuracy in the “As-
Built” CE CAD nodel. The points to be
neasured shall be identified in
coordi nation with SSP Structures
Wr ki ng G oup.

Requi r ed

N A

N A

11.

SSP to perform point-to-point relative

di spl acenment cal cul ati ons of CE hardware

itens with close clearances in VLA, the

CE devel oper shall include the close

cl earances points in their math nodel

e Point-to-point relative displacenent
cal cul ati ons provide the npst accurate
estimtes of the CE-to-Orbiter
relative notion and will be perforned
in the VLA. This requires that al
cl earance points be identified so that
the cl osest avail abl e points can be
retained in both the CE and Orbiter
mat h nodels. The CE devel oper shal
supply the appropriate data to support
this activity.

Requi r ed

(Note 1)

(Note 1)
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12. SSP and CE devel oper to perform Requi r ed N A N A
postflight inspections of the Orbiter/CE
respectively, in the vicinity of the
hardware wi th cl ose cl earances.

e Postflight inspections will deternine
if contact occurred and if the
O biter/returned CE were damaged
during the flight.

N A:  Not Applicable (i.e., Activity is not required)

Note-1: Activity required if CE hardware is statically within three inches of the 90-inch radius thernal
and dynami c envel ope or within three inches of any Orbiter intrusion into the 90-inch radius thermal and
dynam ¢ envel ope or known to be potentially very flexible.
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